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INTRODUCTION

The inversion of transient soundings for a central
induction loop system on a layered halfspace is provided by
program NLSTCI. The numerical technique wuses a general
adaptive nonlinear least-squares algorithm originally
developed by Dennis and others (1979), and extended
externally for constrained nonlinear regression by Anderson
(1982). The corresponding forward problem solution--also
required in the inverse solution—--is defined in Anderson
(1981). The numerical integrations used in NLSTCI are by
adaptive digital 1linear filtering as described in Anderson
(1975) and Anderson (1979). Because digital convolution
(filtering) methods are wused, practical solutions for

layered earth models are reasonably fast on most computers.

This report summarizes the general nonlinear least-squares
(NLS) method wused 1in Anderson (1982), but as applied to
observed transient séundings obtained wusing a central
induction loop system placed on an assumed horizontally
layered earth model. In addition, the quasi-static case 1is
assumed (i.e., .displacement currents are neglected). The
system must use an "on-off" step current source of arbitrary
current, where the transient decay voltage 1is measured
during the off-time (i.e., after t>0 sec.). An arbitrary
maximum of 10-layers (homogeneous and isotropic) may be
used; however, with most present time-domain
electromagnetic (TDEM) measurement systems, only a few

layers are generally resolvable for the given time range.
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To avoid repeating the notation and other details of the

forward problem solution in this report, the reader is

referred to Anderson (1981l )-=-which has been updated from the
original published version. Similarly, details on the NLS
method may be found in Anderson (1982). The present report
will ©provide a brief description of the <calculations,
specific program parameters, and the VAX operating
instructions. Appendix 1 offers some suggestions in
converting the VAX program to other <computer systems;
Appendix 2 1lists a simple input/output test example (taken
from a known forward solution model); and Appendix 3 gives
a partial source listing (the complete source is available

on the distributed tape, as described in Appendix 3).

SUMMARY OF CALCULATIONS

The NLS method described in Anderson (1982) requires a
twice=continuously differentiable nonlinear objective
function F describing the model equation as a function of
the wunknown layer parameters (i.e., the conductivities and
thicknesses of an MM-layered earth, MM>0). In this case, F

is given by the transient V(t) defined in Anderson (1981,

p.5), as
0

v(t) = 2 C S. Re[Hz@J;)/DC] cos(bT) db, (1)
™ o

where discrete observed values [V(tc),té, i=1,2,...,N] are

given. In some cases (e.g., data stacking), an associated

standard deviation s; may also be known, and should be wused
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for a weighted least-squares solution (see parameter IWT=l
in Anderson, 1982, p.l1l4). Note that the <constant C in
eq.(l), and in Anderson (1981,p. 4), should be corrected to
read: C-(nA)I/{c;(a‘+zz)3/! ]-~see Anderson (1981, p. 4-5)

for definitions of all symbols used.

Optionally, F ., may be given in terms of converted apparent
resistivity Qa (see SINIT parameter IOPT=l1 below) instead of
voltage V(t) by equating the layered -earth transient
response to a halfspace response. In this <case, the
observed transient data [V(t‘),tal must be converted to
apparent resistivity data [?“ﬁt )’tL] by solving the
following nonlinear equation (Raab and Frischknecht, 1982)

for x at each 1,
3 2 z
3 erf(x)=(3x+2x")2 exp(~x")=2x T V(t;) = 0, (2)
3
where C=1 is assumed 1in eq.(1), TL=2tL/(p°67az) is
normalized time, and the units are V(volts/amp), t(seconds),

and ?@(ohm-metets). For each solution of root x at an

observed t the apparent resistivity is given by
2 2
Pa = (pea™)/ (4t x7). (3)

When F is defined as in eq. (1) and IOPT=0 (default), then
any convenient unit wmay be wused for V (e.g., volts/amp,
millivolts/amp, etc.), since the constant C in eq. (1) can
be determined in the least-squares to account for a scale

(or amplitude shift) factor times V(t).
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For either IOPT=0 or 1 cases, the independent time
variable t>0 must be given in seconds and in ascending

order, and is assumed to be known without error.

The unknown (nonlinear) model parameters are denoted by
the vector B(J), and has the following assumed order:
B(1),B(2),...,B(MM) are the MM=-layer <conductivities (in

mhos/m.), ‘
B(MM+1),B(MM+2),...,B(2*MM=1) are the MM~l layer thicknesses
(in m.), and
B(2*MM) is a transient scaling (or amplitude shift)
parameter depending on the form of F chosen via $INIT

parameter IOPT.

Thus, the discrete objective function F may be expressed

for either IOPT=0 as

F = B(2*MM) [V(tL,B(J), J=1,2,...,2*MM~-1)/B(1)],

or for IOPT=] as (4)

F = B(2*MM) [?&(tL,B(J), J=1,2,¢00,2%MM~-1)],

where i=1,2,...,N and N>2*MM>2 (1<MML10). Note that the
I0PT=0 form of F has been normalized by the unknown B(l), so
that B(2*MM) is a scaling constant free from B(l); the
exact form of B(2*MM) can be determined, if desired, and is

related to the constant C in eq. (l) above.

In terms of the NLS notation (Anderson, 1982, »p.l1-12),
let X(I,l)=t; and Y(I) be the observed F in eq. (4), then

the observed data matrix 1is
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(Y(1),x(1,1),I1=1,2,...,N).

Since V(t) can range several decades in magnitude for

t,ﬁtﬁt it is advised when IOPT=0 that a weighted

N,
least-squares option be used (see IWT=1l or 2, Anderson,

1982, p.l4-15), which requires the augumented data matrix
(Y(1),X(1,1),x(1,2),I=1,2,...,N),

where X(I,Z)-si is the standard deviation (IWT=1) of
observation Y(I), or X(I,2) is the variance (IWT=2). Note
that if e is unknown, one could use the statistical weight
(Bevington, 1969, p.108) of 1/Y(I) by setting X(I,2)=Y(I)
and IWT=2; 1in this case, this would be preferred over using
unity weights (IWT=0). However when IOPT=1, IWT=0 can
generally be used since the raange of e&(t) is usually wmuch

less than the range of V(t) in most cases.

The analytical partial derivative subprogram (PCODE) was
not included in program NLSTCI, therefore the estimated
derivative option (IDER=1) must be used, which requires only
the forward problem solution subprogram (FCODE). See
Appendix 3 listing of FCODE for the <coding details, which
follows the method described in Anderson (1981) for

computing V(t), and as revised for computing ?a(t)'

Because realizable layered earth models are sought to fit
the given data, a constrained minimization type (SP=3 or 4)
is advised, along with reasonable lower and higher parameter

bound arrays, BL(J) and BH(J) respectively, where
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BL(J)<B(J)LBH(J), J=1,2,...,2*MM (see Anderson, 1982, p.l7).
This approach limits parameter space searching, and in some
cases m&y avoid false starts (or catastrophic overflow
conditions from poor estimates and daga). In addition,
individual parameters can be fixed in the least=squares
using parameters IP and 1IB (Anderson, 1982, p.13). In
particular for the IOPT=1 case, one can ﬁsually fix
B(2*MM)=], provided the observed (converted) apparent
resistivities are properly scaled. Similarly, for the
I0PT=0 case, B(2*MM) <can be fixed if the constant C in
eq.(l) is known a priori. {Actually, if the system
calibration is known, then the constant C can be determined;
therefore B(2*MM) should be fixed to reduce the number of
unknowns, and to reduce the possibility of finding an
equivalent but highly improbable solution.] In any case, the
user should attempt to give a reasonable starting guess
vector B(J) corresponding to the given data matrix. It is
advisable to begin with a few layers (e.g., MM=1 or 2)
before trying models with more layers. For present TDEM
equipment, generally only a few layers are all that can be
resolved, due mainly to the small discrete time range

t <t<t

| and noise level in observing V(t).

N

In general, one should not expect both IOPT=0 and 1 to
yield the same exact solutions for a given data set--due
mainly to data nbise, discrete time-range given, scaling,
and the use of different weighting options. For exact data
(as in Appendix 2), both IQPT=0 and 1 produce nearly

identical solution vectors; for noisy observed data, this
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is rarely true, although the earth models resolved by both
cases should give approximately “"equivalent layers" for good
ficting cases (i.e., 1if small parameter errors and RMS

error).

PARAMETERS, FILES AND DATA REQUIRED

All SPARMS parameters (excluding the ISTOP=0 option),

. program files (FOROO5-FORO16), and data ordering
requirements used by NLSTCI are identical to those described
in detail for subprogram NLSOL (Anderson, 1982, p.9-21), and
therefore will not be repeated here. However, note that the
ordering of the $PARMS estimated parameter vector B(J) used
by NLSTCI must be given exactly as described above 1in
eq. (4). The S$INIT model parameters required by NLSTCI must
be given after the object—-time format statement on FOROOS
(see Anderson, 1982, p.10, item 5). Also see the EXAMPLE

below and Appendix 2 for a typical data input.

SINIT PARAMETER DEFINITIONS

SINIT parameters (nondefault parameters must be given):

MM= Number of layers in the model (1<MM<10; default
MM=1 for a homogeneous half-space). Since NLSOL
also requires the total number of parameters K,
then make sure that K=2*MM is given in $PARMS also.
(See the section ERROR MESSAGES below for a
discussion on K=2*MM dual input requirement.)

IOPT=0 (default) means that the data matrix
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IOPT=]

A=

=

ISTEP=0

(y(r),x(r,1),i=1,N) is given with Y(I)=v(t)
transient data, which may be unscaled and in any
units as determined by B(2*MM) in the least-squares
solution. X(I,1)=t; must be given in seconds and
in ascending order for I=1,2,...,N.

means the data matrix (¥Y(I),X(I,1l),I=1,N) is given
with Y(I)afw(t) apparent resistivity data (in
ohm-m.). The shift parameter B(2*MM)=] can be
fixed via S$PARMS IP,lB provided the apparent
resistivity 1is known to be scaled correctly.
X(I,l)=tL must be given in seconds and in ascending
order for I=1,2,...,N. When IOPT=1 is selected,
then ISTEP=0 (see below) can only be used.

Radius (in m.) of transmitter circular loop, where
A>0 must be given. [Note that a square loop of
side L (m.) is considered equivalent to a circular
loop of radius A (m.), where A=L/ﬂi:.}

Tranmitter loop elevation (in m.) on or above the
surface (default 2=0.0). Note that Z>0 specifies
the source loop is Z meters above the surface, but
that the central induction receiver coil is assumed
to be placed on the surface. For most field
applications, Z=0 1is always used. [Z is included
here only to maintain compatibility with the
forward program solution (Anderson, 1981).]
(default) to compute the transient derivative
response (TDR) sounding (Anderson,l198l), which

corresponds to the time~derivative of Hz when the
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ISTEP=1

EPS=

BO0=.01

BM=100

source uses a system step driving current (e.g.,
when wusing a vertical-axis «c¢oil at the loop
projected center).

to compute the transient field response (TFR)
sounding (Anderson, 1981l), which corresponds to the
integral over time of the TDR-sounding. The
TFR-sounding (ISTEP=1) 1is generally wused when
transient (stacked) data is obtained using a SQUID
or cryogenic magnetometer. Note that Z=0 must be
used whenever ISTEP=l.

Requested convolution integration tolerance used to
compute all Fourier and Hankel transforms by
digital filtering (default EPS=0.lE-9).

(default) is the lower induction number for which
the normalized Hz/DC frequency response approaches
the limit 1.0 for B<KBO. This assumption saves time
by avoiding explicit response <calculations for
B<BO. BO must be given (or assumed .0l by default)
as a power of 10%**-n (n integer). The default
value is usually adequate for most models; for
more accuracy 1in the late~time transient, B0<.O0l
can be used. [For accuracy reasons, B0>.01 should
never be used.]

(default) is the upper induction number for which
the normalized Hz/DC frequency response approaches
the limic 0.0 for B>BM. This assumption saves time
by avoiding &explicit response <calculations for

B>BM. BM wmust be given (or assumed 100 by default)
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NB=8

$END

as a power of 10**n (n integer). The default value
is usually quite adequate for most models; for
more accuracy in the early-time transient, BM>100
can be used.

(default) represents the number of induction number
points per decade (log-cycle) to evaluate the
pre~splined frequency response function Hz(B)/DC.
In general, 3<NB{1ll 1is usually adequate for most
applications (NB<3 is not recommended for accuracy
reasons). If NB=0 (or NB>1ll) is specified, then a
direct mode of evaluating the frequency function is
used but as controlled by the outer time-integral
via lagged convolution (i.e., the <cosine filter
using subroutine RLAGFQ). Note that NB=0 (or
NB>11) is more accurate, but much more
time-consuming than using NB<12. [See the section
COMPUTER TIMING CONSIDERATIONS for a further
discussion on the use on NB.]

[end of SINIT parameters; the "END" in SEND may be

omitted, if desired.]

EXAMPLE OF INPUT PARAMETERS AND DATA ORDERING

EXAMPLE TITLE WITH OBJECT DATA ON FOR00S5 (IALT=S5)
SPARMS N=20,M=],K=4 ,IP=1,IB=4,

IDER=1,IPRT=-1, IALT=5,SP=3,IWT=1, NITER=S5,
BL=2%,0001,10,.1, B=.1,.01,100,.1,
BH=2%*10,1000,.1$

(3F10.0)
0.1 .0004 .18
0.03 .0008 .09

-=-=<{etc, for 18 more observationsd>=--
$INIT MM=2,A=100,NB=4 ,EPS=.,1E=-5SEND

(See Appendix 2 for a complete input/output example.)
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COMPUTER TIMING CONSIDERATIONS

The computer CPU-time will vary mostly as a function of
the given $INIT parameters MM,EPS,BO,BM,NB and $PARMS
parameters N,NITER,IP,SP,1IV,V, and B. Perhaps the
parameters of greatest effect on CPU-time are how good the
initial model &estimates are given in array B(J),
J=1,2,...,2*MM, with respect ¢to the observed data matrix.
Of course, the observed data matrix time-range and noise
level <can contribute further problems in resolving a given
layered earth model for any MM in (1,10). In some cases, it
may be necessary to fix certain parameters in B (via $PARMS
IP,IB) that cannot be resolved and/or to control the initial
theoretical transient curve behavior. Generally, it is best
to begin with a small MM (say 2 or 3), and progressively
increase MM until the RMS error cannot be further decreased.
During this "initial model searching study”, several SINIT
parameters can be modified (relaxed) to significantly reduce
the overall CPU-time, but with somewhat less accurate
results (which may not be needed for initial runs). Some

suggestions are provided in Table 1.

Table 1. Recommended $INIT parameters for NLSTCI

SINIT Default Faster CPU; Slower CPU;
parameter value less accurate more accurate
EPS 0.1E-9 0.lE-S 0.1E~11

BO 0.01 0.01%* 0.001

BM 100 10 1000

NB 8 2<NB<8 8<NB<K12

S D G G D D R WP WP WP G WD GE P R D WP G W D WD G G WP WS WS W WD e WS e G W W W WE WP s G WG ae w

* B0>0.01 should never be used
(see Anderson, 1981, p. 25-41).



Program NLSTCI Page 14
VAX Documentation

For a final model run, the default values in Table 1 are
generally sufficient for most field situations, with the
exception that NB>8 may be used to reduce any noticeable
nonsmoothness in the calculated transient. (Note that NB>1l

is not recommended for routine field work.)

Some $PARMS parameters used in the NLS algorithm can also
be modified to reduce the total CPU~time when searching for
an initial model. In particular, §$PARMS NITER (Anderson,
1982, p. 16) can be set small (e.g., 3 or 5) to force
termination of a trial run after just a few iterations.
This 1is reasonable, since it may not be necessary to obtain
normal convergence of the iteration process for preliminary
or 1intermediate models., Other $PARMS that control the NLS
algorithm speed and accuracy can also be overridden from
their default values (see Table 2 4{n Anderson, 1982,

p. 20-21 for more details).

DATA MATRIX NOTES

The data matrix (defined following eq. (4)) is read under
the object-time format statement, and 1is defined as the
sequence of ordered rows:

(¢ ,(x(r,n),L=1,M*),I=1,N),
where M*=M if IWT=0 (default), or M*=M+] if IWT=1 or 2. In
the above example, IWT=1, M=1, and therefore three columns
are required in the data matrix row, where in this case, the
last column represents the standard deviation of observation

Y(I).
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SPECIAL OBJECT FORMAT PHRASES

If an existing data matrix file does not have the proper
defined <column ordering in the form (Y(I),X(I1,J),J=1,M),
then the FORTRAN "Tn" format phrase may be used to begin at
any column n in the data record. For example, the format
(T41,F10.0,T1,2F10.0) will select Y(I) wusing column 41-50
and X(I,1) beginning at column 1. See any FORTRAN-77 coding
manual for other allowable object (run) time format phrases
(e.g., the G-format, use of "/" to skip records, etc.).
Note that "tab'"-characters must not be wused when creating

the data matrix file FORO1O0.

VAX OPERATING INSTRUCTIONS

In general, the basic steps described to run NLSOL
(Anderson, 1982, p.22-24) can be followed to rum NLSTCI
either on-line or in batch mode. That is, the parameter and
data matrix files may be associated with the logical names
FOROO5 and FORO1O0, respectively, using the VAX-DCL
statements:

SASSIGN parameterfilename FOROOS
SASSIGN datamatrixfilename FOROI1O0

SRUN NLSTCI !(use $RUN [WANDERSON]NLSTCI on USGS VAX)

If the data matrix is included on FORO0O05 (i.e., wusing

IALT=5), then the FORO1l0 assignment is not necessary.
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In addition, program NLSTCI has a wuseful "restart file"
(called FORO05.TMP) that is automatically provided each time
the program is executed. File FOROO5.TMP contains a copy of
all parameters on FOROOS5, plus the last solution B-vector
obtained; note that $PARMS ISTOP=0 (Anderson, 1982, p.l4)
cannot be used because FORQOO5 is positioned at EOF in
creating FOROO5.TMP. If desired, one <can =easily continue
(or restart) more iterations simply by wusing the DCL
commands:

$ASSIGN FOROOS5.TMP FOROOS

SRUN NLSTCI !(use $RUN [WANDERSONJNLSTCI on USGS VAX)

Note that FOROO5.TMP may also be edited (using any VAX
editor) for other parameter changes, if desired. Also, the
reassignment of FOROO5 using FOROO5.TMP only needs to be

done once for multiple continuation runs.

By default, the master print (disk) file 1is <called
FORO16.DAT, wunless otherwise assigned. This file can be
TYPEd or PRINTed on a line printer. Also, file FOROl6 wmay
be wused as an input file to a plot routine; e.g., to plot
the observed (0BS), calculated (CAL), and residual (RES)
curves. If program NLSTCI is run on=-line, then a shorter
terminal print file on FOROO6 <contains some of the
information as on FOROl6, but as controlled by parameter

IPRT (Anderson, .1982, p.l5).
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ERROR MESSAGES

Almost all $PARMS syntactical errors are flagged and
printed on files FORO06 and FORO16 and the job is aborted
(see Anderson, 1982, p.24). However, some cross~references
(or dual inputs) are mnot checked; for example, the
relationship K=2*MM is not double checked between $PARMS K
and S$INIT MM parameters. This is because a general-purpose
nonlinear least-squares algorithm (NLSOL) is being used as a
control program, but the model input is extermal to the
particular nonlinear problem requirements (NLSTCI) read by
subprogram SUBZ (see Anderson, 1982, p.38). Therefore, the
user is responsible for providing exactly K parameter
estimates in B(I),I=1,2,...,K (see eq. (4)), and that SINIT
MM is such that K=2*MM (otherwise, wunpredictable results

could occur).

The message "{WARN}: NOISE IN CALC. TRANS DETECTED" can
occur for certain model estimates in array B with respect to
the given data matrix. This warning message actually means
that the calculated transient voltage V/I cannot be computed
accurately at late times using single-precision arithmetic
(regardless of the values specified in $INIT parameters
EPS,B0,BM, and NB). However, this <condition is usually
unimportant 1if the warning occurs near the beginning of the
NLS iteration. For typical field data cases, and a moderate
MM value and reasonable B estimates, one should not expect
the warning message to appear near the end of the NLS

iterations for a converging model solution.
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PRINTED OUTPUT

All input parameters are output on files FOR006 and
FOROl6, with the SINIT parameters given first, followed by
all $PARMS parameters given or assumed by default. (Refer

to Appendix 2 for a complete sample output listing.)

Specific names (e.g., IT, NF, +..) used by NLSOL in the
output listings are tabulated in Anderson (1982, p.25-26).
Program NLSTCI provides a summary listing of the final
solution vector B, along with accumulated layer thicknesses
listed under the DEPTH column (see the end of the 1listing
example in Appendix 2). The RESISTIVITY column is simply

1/SIGMA, where SIGMA is the layer conductivity (in mhos/m.).
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Appendix l.-- Conversion to other systems

This program (and associated subprograms) was written in
ANSI-standard FORTRAN-77 for the VAX-11/780 systém (VMS
version 2.5). Conversion to systems without an
ANSI-FORTRAN=77 compiler would necessitate extensive
changes, particularly for all CHARACTER-type variables,

IF~THEN-ELSE phrases, etc.

Since the FORTRAN-77 ANSI-standard presently does not
provide for a NAMELIST 1I/0 capability, a VAX-11 NAMELIST
simulator subprogram is included in this program package.
For most large main-frame systems (e.g., IBM/370, CYBER,
etc.), a NAMELIST READ/WRITE is usually available; in this
case, the VAX NAMELIST subprogram and associated routines
(DECODEIX, DECODEX) can be eliminated; also, appropriate
changes can be made where COMMON/NAME_LIST/ and CALL

NAMELIST is used in the source program.

Other changes for non-VAX systems might include some (or

all) of the following:

(1) Variables with more than 6-characters.

(2) Use of the underscore character or dollar character in
some variables and/or COMMON names.

(3) Character strings delimited by single-quote characters
(e.g., 'STﬁING’); also, character string concatination
(e.g., "STRINGL’//"STRING2’).

(4) Passing variable=-length character strings in subroutine

calls; e.g., CHARACTER*(*) passed 1length character
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(5)

(6)

(7)

(8)

arguments.

Need to suppress arithmetic or -exponential wunderflow
messages (note that a VAX-1ll result is automatically set
to 0.0 after any underflow--which is assumed for this
program package); if the target system does not set
underflows to 0.0 (and suppress warning messages), then
a suitable conversion procedure must be used for proper
operation of this program package.

Replacement of any special VAX~dependent CALLS or
statements (e.g., CALL LIB$INDEX, ACCEPT, TYPE, CALL
SYSSanyname, etc.~-note that we have minimized
machine-dependent calls, where possible).

Hexidecimal constants (e.g., ‘4A°X) if used in any DATA
statements.

Virtual~sized arrays, if any (i.e, DIMENSION statements

greater than physical memory).
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Appendix 2.-- Test problem input/output listing
The following input files (FOR005.0, FORO10, FOR00S5.1)

were wused to run a known test problem for program NLSTCI on

a VAX system using both IOPT=0 and 1 cases sgparately. The

corresponding output files (FORO16) are given following

FOR0O0O5.1. In addition, each file FORO16.DAT was wused to

plot the final observed (OBS) and calculated (CAL) curves

using an external plotter. The symbol "0" represents Y(I)

in the plot, and the solid line represents a curve drawn

through the calculated (CAL) points.
FOR005.0

TEST EXAMPLE (IOPT=0 CASE)
$PARMS N=19,K=4,M=1,IPRT==2,
IDER=1,IWT=2,SP=3,

NITER=15,

BL=2%*.0001,10, .1E~4,
B=.015,.15,175,.015,
BH=2*5,1000,.1E5$
(2616.8,T1,G16.8)

SINIT MM=2,A=175$

FORO10

0.96605726E-01
0.36346640E-01
0.13687826E-01
0.64035309E-02
0.35103841E~-02
0.21471761E-02
0.13093358E-02
0.78840711E-03
0.45996808E-03
0.25708214E-03
0.13831072E-03
0.71406452E-04
0.35465542E-04
0.16997505E~-04
0.78670519E-05
0.35501544E-05
0.15584020E-05
0.66868074E~06
0.28317137E-06

0.19242254E-03
0.28243766E-03
0.41456183E-03
0.60849357E-03
0.89314644E-03
0.13109597E-02
0.19242257E-02
0.28243773E-02
0.41456190E~02
0.60849362E-02
0.89314654E-02
0.13109598E-01
0.19242259E-01

-0.,28243775E-01

0.41456193E-01
0.60849369E-01
0.89314662E-01
0.13109601E+00
0.19242261E+00

0.11366887E+03
0.12427132E+03
0.13160466E+03
0.11748647E+03
0.93367012E+02
0.68623184E+02
0.50529686E+02
0.37524563E+402
0.28474813E+02
0.22246769E+02
0.17830414E+0Q2
0.14687531E+02
0.12410449E+02
0.10733011E+02
0.96950829E+01
0.85372982E+01
0.78144689E+01
0.72586303E+01
0.67987070E+01
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FOR0OS5. 1

TEST EXAMPLE (IOPT=1 CASE)
$PARMS N=19,K=4,M=1,IPRT==-2,
IDER=1,IWT=0,SP=3,
NITER=15,IP=1,IBz4,
BL=2%.0001,10, . 1E=4,

B=.015, 015,175’1,
BH=2%*5,1000, .1E5$
(T33OG1608’T17,G16o8)

$INIT MM=2,A=175,I0PT=1$

FORO16

{NLSTCI}: TEST EXAMPLE (IOPT=0 CASE)
MM= 2 Az 0.17S000E+03 EPS=
BO= 0.100000E-01 BM= Q.100000E+03 NB=
Z= 0.000000E+00 ISTEP= O
I0PT= O
PARAMETER ORDER=~

1 SIGMA( 1)

2 SIGMA( 2)

3 THICK( 1)

4 B( 4)

SHIFT PARAMETER IN

0.100000E-09

8

B(2%MM) *TRANSIENT

Page 23
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{NLSOL}: TEST EXAMPLE (IOPT=0 CASE)

N= 19 K= 4 IP= 0 M= 1
ISTOP= 1 IWTs 2 IDER= 1 IPRT= -2
10UT= i SP= 3

FMT=(2G16.8,T71,G16.8)

PARAMETER LOWER BOUNDS: BLs

0.99999997E-04 0.99999997E-04 0.10000000E+02 0.99999997E-05

INITIAL PARAMETERS: B=
0.15000000E-01 0.15000001E+00
PARAMETER HIGHER BOUNDS: BH=

0.50000000E+01 0.50000000E+01

0.17500000E+03

0.10000000E+04

*® NLITR (IDER=0) OR NL2SNO (IDERz1) CALLED: 1 ®#¢

I INITIAL X(I) (D)

0.546171E-Q1
0.174026E+00
0.420534E+Q0
0.122434E-02

0.490E+02
0.106E+01
0.230E+01
0.186E-04

Ew N -

—
[ |

NF F DF

200E+00
.110E-01
8315-0“
T
.3
.1

0.189E+00
0.109E~01
0.755E-04
0.724E£-05
0.206E-06
0.959E-07
0.135E=-07
0.903E-08

0.225E-07
0.909E-08
0.650E-10
0.636E-10 0.138E-11
0.433E-10 0.202E-10
12 0.433E«10 =0.117E-10

—
QWU EWN —

—~ OWOUENOWUN FWN—-Q
-
-

— -

#¥98% YX_CONVERGENCE seees

FUNCTION
FUNC. EVALS
GRAD. NORM

VARIABILITY
GRAD. EVALS
COSMAX

0.“3?;99D-10
0.104053E=02
I FINAL X(I) D(I)
0.4U5184E-01
0.201355E+00
0.453U41E+00
0.999343E-03

COVARIANCE = SCALE & (J®8T & j)8d.y

0.430E+02
0.426E+00
0.162E+01
0.131E+Q4

£ —

ROW 1 0.3025E~-11

COSMAX

0.99%E+Q0
0.994E+00
0.924E+00
0.946E+00
0.655E+00
0.656E+00
0.686E+00
0.311E+00
0.995E=-01
0.186E+00
0.439E+00
0.439E+00

COQOOo

0.15000000E-01

0.10000000E+05

VAR

.150E+02
.150E+02
. 149E+02
. 145E«0Q2
.140E+02
0.123E+02
G.141E+Q2
0.151E+Q2
0.144E«Q1
0.146E+01
0.818E+01

0.818Q060E+01
AR
0.438530E+00

G(D)

0.404E=-0QH
0.151E-05
0.504E-05
0.104g-02

dEDw 7

IALT=: 10
NITER= 15
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FOR00S5.1

TEST EXAMPLE (IOPT=1 CASE)
$PARMS N=z19,K=4,M=1,IPRT==-2,
IDER=1,IWT=0,SP=3,
NITER=15,IP=1,1IB=4,
BL=2%.0001,10, . 1E=4,
B=.015,.15,175,1,
BH=2%*5,1000, .1E5%
(T33,G16.8,T17,G16.8)

$INIT MM=2 A=175,I0PT=1$

FOR0O16

{NLSTCI}: TEST EXAMPLE (IOPT=0 CASE)
MM= 2 Az 0.175000E+03
BO= 0.100000E-~01 BM= 0.100000E+03 NB=

Z= 0.000000E+0Q0
IOPT= O

ISTEP= O

PARAMETER ORDER-~

1 SIGMA( 1)
2 SIGMA( 2)
3 THICK( 1)
4 8( )

EPS= 0.100000E-09

8

SHIFT PARAMETER IN B(2%MM) *TRANSIENT
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33883355355 555535535555353553583353355553533335333533335335333333333

TOTAL "ELAPSED" TIME= 282.81 SEC. ( 4 MIN. 42.31 SEC.)
CPU_TIME= 263.12 SEC. (4 M. 23.12 S.) CPU % = 93.043
BUFTI/0_COUNT= 7
DIR.I/OTCOUNT= 20
PAGE_FAULTS= 148

$953T5538555355555388333338833553885555533353585588335533853883333353

TEST EXAMPLE (IOPT=0 CASE)

Trryog vy rrrror RELER lr‘rYVI T 1 vrrrr

-1

il

i

a4 a sl a—a aaaasd n

L aaaul

TRANSIENT
o )
.
»~ S 0 L/ IR S S R ) R LN A L SR DN R SR £ L RN N R A R0 N B e 8 R A1)

-8 —
0 3
<
-6 -
10 3
4
_7 A D lelll A Aod !lllll ui e l'llll H el
1o - -3 -2 - 0
10 0 10 10 10

TIME (SEC.)
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L _EVVINY

o8s.Y(D)
0.906057€-01
0.3b4466E-01
0.136878E-01
0.640353€E-02
0.351038E-02
0.214718E-02
0.130934E-02
0.788407€-03
0.459968E-03
0.257082€-03
0.138311€-03
0.714065E-04
0.354655€-04
0.169975E-04
0.78670SE-0S
0.355015€-08
0.155840€£-05
0.668681€-06
0.283171E-06

0.2246E-10
0. 1891E=10 «0.1127E=0 0.7896€-10
«0.7822E~}13 -0.5524E-12 0.3802E-12 0.2047E-14

COHRELATION MATRIX

1

0.10G0E+G1

0.2333E-0Q

CAL
0.966070E=01
0.363465E-01
0.136875€-01
0.640327€-02
0.351037€-02
0.214698E-02
0.130925€-02
0.788485E-03
0.459993€-03
0.257110€-03
0.138347E-03
0.714202E-08
0.354660E-00
0.170017T€E-Q4
0.786947E-05
0.355112€-05
0.155997E-05
0.668978E-06
0.283069€-06

0.36189712€-06

2 0.3414E+00 0.1000€+01}

3 <0.96U8E+Q0 -0.8264E+00
4 -0.9940€+00 -0.7957E+00

*OPARM_SOL.

STD_ERROR

1 0.1000€E-01
2 0.2001E+00
3 0.2V000E+03
v 0.9997€-02

EN

PARAMETER NAME

)

1
2
3
4

SIGMA( 1)
SIGHA( 2)
THICK( 1)
SHIFT

0.1739€E-05
0.1535E-04
0.8886E-05
Q.4524E-07

TR

FINAL SOLUTIUM

0.10002709E-01
0.20009081E+00
0.19997893E+03
0.79968594€-02

0.1739€-03
0.7670€E-04
0,H4443E-07
0.4525€-0%

RES

=-0.132E-05
0.156E-06
9.
]
9
9

278E-06

.262E-06
. 158€-07
- 196E-06
Q.
-0.
-0.
=0.
-0.
-0.
0.
-0.
-0.
=-0.
-0.
-0.

0.

851€-07
777€-07
295E-07
277€-07
3S8E-07
137€-07
469€-09
416E-08
241E-08
963€E-09
1S7E-08
298E-09
103E-09

0.1000€E+01
0.94SBE»a0

0.

REL_ERROR 3

0.

9.
Q.

IRES.ERR
-0.136507€-02
0.430474E-03
0.203444€-02
0.408700E-02
0.451021€-03
0.910943€-02
0.649987€-02
«0.985526€-02
-0.642186E-02
-0.107876€E-01
-0.259069E-01
=0.191831E-01
-0.132324€E-02
-0.244898E-01
-0.306730€-01
«0.271226E-01
-0.100717€+00
«0.445075E-01
0.362866E-01

1000€+01
ERROR °*°
1739€-01

0.7670E-02

4443E-05
4525€-03

TEST EXAMPLE (IOPT:0 CASE)

RESISTIVITY

¥
2

0.99972916€+02
0.49977307E+01

X(1,1)
0.192423E-03
0.2824938€-03
0.414562E-03
0.608498E-03
0.893146E-03
0.131096€E-02
0.192823E-02
0.282438€E-02
0.414562E-02
0.608498E-02
0.893147E-02
0.131096€E-01
0.192423€-01
0.282438E-01
0.%14562E-01
0.5608498€-01
0.893187g-01
0.131096E+00
0.192423€+00

LAYER DEPTH

30934E-02
788%07e-0)
159968€-03
0.257082€-03
0.138311E-03
0.714065E-08
0.358655E-04
0.169975E-04
0.786705€-05
0.355015€-05%
0.155840E-05
0.6686B1E-06
0.283171g-06

0.
0.
0.
g.
Q.
0.
0.
0.
0.

0.19997893E£403

£(1,3)
0.000000E+00
0.000000E+00
0.000000€+00
0.000000E+00
0.000000E+00
0.000000E +00
0.000000E +00
0.000000E +00
0.0000U0E +00
0.000000E+30
0.000000€+00
0.000000€+00
0.000000E+00
0.000000E+00
0.000000E +00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E-00
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X(I,4)
0.000000E+00Q
0.000000€+00
0.000000E+00
0.00C000E+00
0.000009€E +00
0.000000£+00
0.000000€+00
0.000000E +00
0.000000€+00
0.000000£+00
0.000000€+00
0.000000E+00
0.000000£+00
0.000000E+a0
0.000000E+00
0.000000£+00
0.000000E+00
0.000000€+00
0.000000€+00

wWT(I)
0.103514E+02
0.275129€+02
0.730576E+02
0.156164E+03
0.284869€+03
0.465728E+03
0.763746€+03
0.126838E+04
0.217406E+04
0.388981€E+04
0.723010E-08
0.140043E+05
0.281964E+05
0.588322E+05
0.127112E+06
0.2B8167BE+06
0.6841683E+06
0. 149548E+07
0.353143E+Q7
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535535535555 5553538933553555383533553335535333533355833533353535333838389

TOTAL "ELAPSED" TIME= 282.81 SEC. ( 4 MIN. 42.81 SEC.)
CPU_TIME= 263.12 SEC. (4 M. 23.12 S.) CPU % = 93.043
BUFTI/Q_COUNT= 7
DIR.I/O_COUNT= 20
PAGE_FAULTS= 148

$553735328855553583335333533333583383353333335333353835333533333383338333

TEST EXAMPLE (IOPT=0 CASE)

-1 MRRSAAL | vorororrog flrlrﬂll LA SRR

10

LB IR AARLI
1 44011

T vitv ‘Y"l L]
n

i s aaaanad

T i "l‘.
A4 212l

-4

TRANSIENT
o
AL R R AR | AR LR RRAS]
toa sl

st aaagal

LA ALLT]

T

vl

-7 A ' 11Llll[ 1 1 l]lllll 1 1 1 Illlll — 11 1 1Ll
10 -4 -3 - -1
10 10 1072 10 10 ?

TIME (SEC.)
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{NLSTCI}: TEST EXAMPLE (IOPT=1 CASE)

MM= 2 Az 0.175000E+03 EPS=z 0.100000E-09
BO= 0.100000E-01 BM= 0.100000E+03 NB= 8

Z= 0.000000E+00 ISTEP= O

IOPT= 1

PARAMETER ORDER=--

1 SIGMAC 1)
2 SIGMA( 2)
3 THICK( 1)
4 B( 4) SHIFT PARAMETER IN B(2%MM) *APPRES
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{NLSOL}:

N= 19 K=
I3TOP= 1 IWT=
I0UTs= 1 SP=

PARAMETERS HELD FIXED: IB=
FMT=(T33,G16.8,T17,G16.8)

PARAMETER LOWER BOUNDS: BLs=

0.99999997E-04
INITIAL PARAMETERS: B=
0.15000000E-01

0.99999997E-04

0.15000001E+00

Page 28

TEST EXAMPLE (10PTs1 CASE)

4 IP= 1 = 1 IALT= 10
0 IDER= 1 IPRT= -2 NITER= 15
3
4

Q0.10000000E+02 0.99999997E=05

PARAMETER HIGHER BQUNDS: BH=

0.50000000E+01

PARAMETER INDEX: 1 2 3
REORDERED AS...: 1 2 3

" REORDERED PARAMETERS:
0.15000000E-01

%% NLITR (IDER=0) OR NL2SNO (IDER=1) CALLED: 1

0.50000000E+01

0.15000001E+0Q0

4

0.17500000E+03

0.10000000E+04

0.10000000E+0Q1

0.10000000E+05

0.17500000E+03

o

I INITIAL X(I) D(I)
1 0.546171E-01 0.638E+04
2 0.174026E+00 0.355E+03
3 0.420534E+00 0.518E+03
IT NF F DF COSMAX VAR
0 1 0.468E+04 0.984E+00
1 2 0.186E+04 0.282E+Q4 0.993E+00 0.159E+Q2
2 3 O0.478E+02 0.181E+04 O0.814E+00 0.159E+02
3 4 OQ.U420E+0Q 0Q.4THE~O02 0.720E-00 0.157E+02
4 5 0.234E-02 0.418E+00 0.782E+Q0 0.150E+02
5 6 0.383E-04 0.231E-02 O0.240E+00 0Q.155E+02
6 7 0.383E-04 ~0.602E-04 0.240E+00 0.118E+01
#eRas X.CONVERGENCE #wase
FUNCTION 0.383166D-04 VARIABILITY 0.118399E+01
FUNC. EVALS 7 GRAD. EVALS 6
GRAD. NORM 0.720512E+01 COSMAX 0.239794E+00
I FINAL X(I) D(I) G(D)
i 0.445123E-01 0.125E+05 «0.697E+01
2 0.201312E+00 0.393E+03. 0.254E-01
3 0.453472E+00 0.8T4E+03 0.183E+01
COVARIANCE = SCALE * (J8#T ®» j)#e.
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** AMSERRs

1
2

3 =0.1991E+00 ~0.1515€+00
sepalM_SOL.

1
P

3

Program NLSTCI
VAX Documentation

1 0.5643E-13

2 0.1198E=11

0.5670€-10

3 ~0.1210E~-12 -0.2919E-11

ous. Y ()
0.113669E+03
0.124271€+03
0.131605E+03
0.117486E+03
0.933670E+02
0.686232€+02
0.505297€+02
0.3752496E+02
0.284T48E+02
0.222468E+02
0.178304E02
0.186875E+02
0.128108E02
0.107330E+02
0.949508E+01
0.853730E+01
0.781447E«01
0.725363E+01
0.5679871E+01

0.1000E+01

CAL
0.113669E+0Q3
0.124270E+03
0.131603E+03
0.117492E+03
0.933657E+.02
0.686239E+02
0.505287€+02
0.375267E+02
0.284767EG2
0.222056£+02
0.178293E+02
0.136877E+02
0.120118€402
0.107327E«02
0.9492S1E+Q1
0.853363E+01
0.781489E01
0.726051E+01
0.680066E+01

0.21885093E-02
LORRELATION MATRIX

0.6699E+00 0. 100CE.Q!

0.1000€-01
Q.2000€+00
0.2000€+03

END

STD_ERHOR
0.2376E-06

0.7530E-05
0.2559€-05

0.10
REL_

0.23
0.37

0.1279€-07

0.6546E~

RES
0.107E-03
0.900€-03
0.204E-02

=0.530€-02
0.130E-32
-0.717€-03
0.973E-03
~0.216€-02
~0.188€-02
0.117E-02
0.113E-02
~-0.154€-03
~0.135¢-02
0.283£-03
0.258€-02
0.367E-02
~0.420€-03
-0.188E-02
~0.196E-02

00E+0?
ERROR %

76E-04
65E-08

Q.
0.
0.

"ARAMETEN HAME

!
2
3
4

SIuma(
SIGMA(
THICK(
SHIFY

1)
2)
1)

FINAL SOLUTION

0.10000006E-01
0.20000516E+00
0.20000261E+03
0.10000000E+01

1
2

"

SRES.ERR
0.939673E-04
0.728483E<03
0.155368E-02

«0,451302E-02
0.138916E-02

-0. 104506E~-02
0.192514€-02

-0.579339€-02

-0.659T46E-02
0.529732E-02
0.632292E-G2

-0.104538E-02

-0.108877E-01
0.263904E-02
0.271459E-01
0.429921E-01

-0.537555E-02

«0.258827E-01

-0.287617€E-01

ERROR *¢

2376E-02
3765€-02
1279E-0%

TEST EXAMPLE (IOPT:! CASE)

RESISTIVITY

0.99999939€+02
0.49998713€+01

X1, 1)
0.192423E-03
0.282438E-03
0.414562E-03
0.608494E-03
0.893146€-03
0.131096€E-02
0.1924923E-02
0.282438E-02
0.414562€-02
0.6084990E-02
0.89314TE-02
0.131096€-01
0.192423E-01
0.282438E-01
0.914562E-01
0.608494g-01
0.893147E€-01
0.131096€E+00
0.192423E+00

LAYER DEPTH

X(1,2)
0.000000E+00
0.000000€+00
0.000000E +00
0.000000E+G0
0.000000E+00
0.000000€+00
0.000000€+00
0.000000€+00
0.000000E +00
0.000000E+00
0.000000E+00
0.000000E +00
0.000000E+00
0.000000€+00
0.000000E +00
0.000000€+00
0.000000€+00
0.000000€+00
0.000000E+00

1 0.20000261E+03

X(1,3)
0.000000E +00
0.000000E+00
0.000000E+00
0.000000£+00
0.000000€+00
0.000000€+00
0.000000E+00
0.000000€+00
0.000000€ +00
0.000000E+00
0.000000E+Q0
0.000000£+00
0.000000E+00
0.000000€+00
0.000000€+00
0.000000€+00
0.000000E+00
0.00000Q0€+00
0.000000€+00
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X(1,4)
0.000000E+00
0.000000€+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E +00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000€E+00
0.000000E+00
0.000000€+00
0.000000€+00
0.000000£+00
0.000000€+00
0.000000€.00

WT(In)
0.100000E+01
Q. 10000QE+01
0.100000E+01
0.100000€+01
0.100000E+01
0.100000€+01
0. 100000E+01
0.100000E +01
0.100000€.01
0.100000E+01
0.100000E+01
0. 100000E+01
0.100000E+01
0. 100000E+01
0.100000€.01
0.100000E+01
0.100000€+01
0.100000E+01
0.10Q000€.01
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VAL

APPARENT RESISTIVITY (OHM-M.)

Documentation

S$$3$$$$$$$$$$S$$$$$$$$$$$$$$$$$$S$$$$$$$8$$$$$$$3$$$$$$$$$$$$$$$

TOTAL "ELAPSED" TIME= 184.76 SEC. ( 3 MIN. 4.76 SEC.)
CPU_TIME= 167.67 SEC. ( 2 M. 47.67 S.)  CPU % = 90.75%
BUFTI/O0_COUNTs 7
DIR.I/0_COUNT= 19
PAGE_FAULTS= 153

555533553553 5535558535333553835333335355335333555335553958533558353833

TEST EXAMPLE (10PT=1 CASE)

'o 3 T 0 7T lerIr | I Sl 'l"l‘] L) T A 4 TTIT’! T T T 7Ty

C 3

[ -

o 1

10 2F 3

C 3

1 je= -4

10 [ 3

b -+

b= -

o J | 1 Llll D S T . | ILLLL 4 Lo d ol ll_IJj 1 L .l Ll1l

10 =4 =z =2 -1 0
10 10 10 10 10

TIME (SEC.)
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Apoendix 3,~-~ Source code availanility and listing

Source Code Availability

The current version of the source code may be obtained by
writing directly to the author®, A magnetic tape copy can
be sent to reguestors to be copied and returned. This
metnod of releasing the source code was selected in order to
satisfy requests for the Jlatest (e,g,, Dpossibly updated)
version, (The attached 1listing does not {include the
adaptive nonlinear least=squares algorithm (Dennis and
others, 1979) due to 1its length; nowever, the complete

algorithm {s available on the distributed tape.)

The magnetic tape {s usually recorded {n the following

mode (unless requested otherwise):

Industry compatible: 9-track, standard AiSI-labeled,
ASClI-mode, oddeparity, 800-bpi density, BO-character
card=image records (blocked SQ-card images, or
4000=characters, per physical block), and contained on

8 tile named "NLSTCI.VAX",

$ present address is:

U.S. Geological Survey

Mail Stop 964

Box 25046, Denver Federal Center
Denver, CO 8022S




Program NLSTCI
VAX Docuymentation

Page 32

Source Listing

The attached subprograms are listed in the following order:

00000010
00000170
00000470
00000610
00000840
00002500
00002650
00003780
00008870
00008910
00009760
00010330
00010490
00010660
00011080
00031440
00012210
00012550
00012800
00012900
00019190
000202590
00020340
00021330
00021460
000218130
00022240
00023440
00023660
00024000
00027440
00027520
00027850
00028650
00028760
00033330
00034880
00041960
00045960
00050120
00081010
00051380
00051960
000578980
00060180
00060610

00060930

(MAIN PRQGRAM]

REAL FUNCTION HZLOOP
COMPLEX FUNCTION F3ZH
SUBROUTINE RECUR
SUBROUTINE MARQ.TRANS.HZILOOP.FCODE
REAL*8 FUNCTIOM FCTCI
SUBROUTINE MARQ.TRANS_HZLOOP.SUBZ
SUBROUTINE NAMELIST
SUBROUTINE DUMYPCODE
SUBRQUTINE SIGSUBEND
SUBROUTINE CPUTIME
SUBROQUTINE DECODEIX
SUBROUTINE DECODEX
REAL*8 FUNCTION DERF
SUBROUTINE OFIND
SUBROUTINE DRTMI
SUBROUTINE ERRMSG
SUBROUTINE INTEG!
SUBROUTINE MINMAX
SUBROUTINE NLSOL
SUBRQUTINE NLITR
SUBROUTINE INTRAN
SUBROUTINE CALCR
SUBROUTINE NONBLANK
SUBRQUTINE PROCINFO
REAL FUNCTION RFLAGS
SUBROUTINE SPLINI
SUBROUTINE SPOINT
SUBROUTINE WARN
COMPLEX FUNCTION ZHANKS
REAL FUNCTION ASINH
FUNCTION ERF

FUNCTION ERFINV
INTEGER FUNCTION LOC
SUBRCUTINE NL2SOL
SUBROUTINE NL2SNO
SUBRQUTINE NL2ITR
SUBROUTINE ASSESS
SUBROQUTINE COVCLC
SUBROUTINE DFAULT
REAL FUNCTION DOTPRD
SUBROUTINE DUPDAT
SUBROUTINE GQTSTP
SUBROUTINE ITSMRY
SUBROUTINE LINVRT

. SUBROUTINE LITVMU
LIVMUL

SUBROUTINE
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00061240 SUBRQUTINE LMSTEP
00066350 SUBROUTINE LSQRT
00067000 REAL FUNCTION LSVMIN
00068790 SUBROUTINE LTSQAR
00069150 SUBROUTINE PARCHK
00071070 SUBROUTINE QAPPLY
00071970 SUBROUTINE QRFACT
00074360 SUBROUTINE RPTMUL
00075110 SUBROUTINE SLUPDT
00075730 SUBROUTINE SLVMUL
00076190 LOGICAL FUNCTION STOPX
00076420 SUBROUTINE VAXPY
00076550 SUBROQUTINE VCOPY
00076680 SUBROUTINE vsSCOPY
00076810 REAL FUNCTION V2NORM
00077360 INTEGER FUNCTION IMDCON
00077530 REAL FUNCTION RMOCON
00078570 REAL FUNCTION RLAGFO
00080960 REAL FUNCTION rLAGF!
00083320 FUNCTION TCHEB

C (NLSTCI): °NLSOL’<INVERSION OF TRANSIENT SOUNDINGS FOR {(8/9/82)
C A CENTRAL INDUCTION LOOP SYSTEM OF RADIUS A>0,
(of
C** VAX=11/780 VERSION
(o
Ce=<BY w, L.ANDERSON, U.,S. GEOLOGICAL SURVEY, DENVER, COLORADO,
C
[
EXTERNAL MARQ.TRANS.HZLOOP.FCODE,DUMYPCODE,
1 MARQ.TRANSL.HZLOOP.SUBZ,SIGSUBEND
CALL SETTIME
CALL NLSOL(MARQL.TRANS_HZLOOP.FCODE,DUMYPCQDE,
{ MARQ.TRANS.HZLO00P.SUBZ,SIGSUBEND)
CALL CPUTIME(6,16)
CALL EXIT
END
REAL FUNCTION HZLOQP(B2)
C*«COSINE~TRANSFORM KERNEL FOR CENTRAL INDUCTION LOOP WITH
C A>0,R=20, AND 2>=0,.0.
C
REAL S1G(10),H(310),2
COMPLEX ZHANKS,ZAC4,K2(10),KS1,2FLD
COMMON/MOOEL/K2,KSL ,H,Z,A,R, HMAX , M
COMMON/PASS/ZAC4,ANORM,CURI,DC,S1G,B0,BM,SIG1,EPS,ISTEP
COMMON/SPLN/XS(200),YS(200) ,AS(200),88(200),CS(200),NS,ISPLN
EXTERNAL F3ZH
B#SQRT(82)
IF(8,LT.BO) GO TOQ 3
IF(B.GT.BM) GO T0O 4
IF(ISPLN.EQ.0) GO 70 10
Ce=ISPLN=]1 (0<NB<12 OPTION) INTERPOLATE PRE<SPLINED FREQ. FUNCTION
CALL SPOINT(NS,XS,Y¥S,AS,85,CS,B,HZLOCP)
RETURN
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00000010
00000020
00000030
00000040
00000050
00000060
00000070
000Q0080
00000090
00000100
00000110
00000120
00000130
00000140
00000150
00000160
00000170
00000180
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
00000290
00000300
00000310
00000320
00000330

B S |
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i

l

10 F=(B/A)$92/(39,47841762F=T72SIG1) 00000340

; KS1=CMPLX(0.0,*7,895683523E=63F) 20000350

! DO 1 I=y, M 00000360

bt K2(2)=KS1*CMPLX(SIG(1),0.0) 00000370

B ZFLDSANORMSZHANKS(1,ANORM,F3IZH,EPS,LL,1) + ZAC4 00000380

: ZFLDSCMPLX(CURI,0,0)$2FLD . 00000390

! HZLOOP3REAL(ZFLD)/0C 00000400

RETURN 00000410

3 HZLOOP=1,0 00000420

RETURN 00000430

L 4 HZLOOP=0,0 00000440
| ; RETURN 00000450
| # END 00000460
COMPLEX FUNCTION F3IZH(X) 00000470

Ce=KERNEL FOR HANKEL TRANSFORM IN CURLOOP WHEN R=0.0 AND 2>=0.0 00000480

' C SCALED 8Y HMAX STORED IN COMMON/MODEL/ 00000490
c 00000500

COMPLEX 21,20,K2(10),KS1,HALF 00000510

REAL H(10),2 00000520

COMMON/MODEL/K2 ,KS1,HeZoA, R, HMAX , M 00000530

DATA HALF/(0.5,0,0)/ 00000540

Y2X/HMAX 00000550

3 CALL RECUR(Y,Z1,20) 00000560
F3ZH=CMPLX(Y,0,0)8(21/(Z0¢Z1)=HALF) 00000570

IF(Z.GT.0,0) F3IZHIFIZH*CMPLX(EXP(=Y%Z),0,0) 00000580

RETURN 00000590

END 00000600

SUBROUTINE RECUR(Y,Z21,20) 00000610

Ce~BACKWARD RECURRENCE FOR COMPLEX IMPEDANCES 21,20 GIVEN ARGUMENT 00000620

i YC(IX/HMAX) AND MODEL PARAMETERS IN COMMON/MQDEL/ 00000630

c 00000640

REAL H(10),2 00000650

COMPLEX 21,20,K2(10),KS$,0NE,Z2,X2,U 00000660
COMMON/MODEL/K2,KS3,H,2,A,R, HMAX M 00000670

DATA ONE/(1,0,0,0)/ 00000680

X2=CMPLX(Y*Y,0,0) 00000690

Z02KS1/CMPLX(Y,0,0) 00000700

1 : 213KS1/CSQRT(X2=K2(M)) 00000710
: IF(M,EQ.1) GO TO 20 00000720

s JaMel 00000730

;10 USCSQRT(X2K2(J)) 00000740

< Z23KS1/U 00000750

USCEXP (CMPLX(=2,08H(J),0,0)%U) 00000760

U= (ONE=U)/ (ONE+U) 00000770
Z1=2Z8((Z21422Z%U)/(22+21%0)) 00000780

IF(J.EG.1) GO TO 20 00000790

j ) JsJ=1 00000800
‘ GO TO 10 00000810
20 RETURN 00000820

‘ END 00000830
; SUBROUTINE MARQ.TRANS.HZLOOP.FCODECY,X,B,PRNT,F,IN,IDER) 00000840
Ce=FUNCT. EVAL, FOR °NLSTCI* 00000850

i ¢ 00000860
Al Ce=PARAMETERS == 00000870

(o Is OBSERVED DEPENDENT VARIABLE ARRAY (OIM, N) 00000880
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¢ X= 0BSERVED INDEPENDENT VARIABLE ARRAY (DIN. N,S) 00000890
c B= CURRENT PARAMETER ARRAY ESTIMATES (DIM, K) 00000900
c PRNT=  WORK AND PRINT ARRAY (DIM. S) 00000910
c Fs QUTPUT FUNCTION VALUE EVAL. FOR GIVEN Y,X,B AT 0BS., IN 00000920
- c INS OBSERVATION NO. TO EVAL. F (1<ZINC=N) 00000930
c IDER= 0 IF ANALYTIC DERIVATIVES ARE USED LATER (PCODE CALLED) 00000940
c 1 IF ESTIMATED DERIVATIVES USED ONLY (PCODE NOT CALLED) 00000950
| C [NOTE: CURRENTLY ONLY IDER=1 CAN BE USED; IDER=0 MAY BE ADDED LATER] 00000960
| c 00000970
| REAL®8 X0,X1,TV,FX1,SOPI,XL,XR 000009A0
| PARAMETER (SQGPI=1.77245385090551600) 00000990
| COMPLEX K2(10),KS1,C4,ZA,ZACS 00001000
| . REAL Y(1),X(500,5),8(1),PRNT(S),SIG(10),H(10),DER(2), 00001010
1 BSAVE(20),#2(200), APPRES(S00),TAR(S00,2) 00001020
EXTERNAL HZLOOP,FCTCI 00001030
COMMON/PASSER/TV,LATE 00001040
COMMON/TCGOM/T(500),VSAVE(S00) 00001050
COMMON/PASS/ZAC4,ANORM,CURI,DC,SIG,B0,BM,SIG1,EPS, ISTEP 00001060
COMMON/FPASS/AA, TMIN,THAX,TO,TM,DB,BMTEST, 00001070
* M1, ,M21,42,JSPLN,NN,IFIRST,IOPT 00001080
, . COMMON/SPLN/XS(200),Y5(200),AS(200),BS(200),CS(200) ,NS, ISPLN 00001090
; COMMON/MODEL/K2,KS1,H,Z,A,R,HMAX, M 00001100
| DATA DER/2%0,0/,XMUO/1,2566371E=C / 00001110
IFCIN.GT.1.,0R.M.EQ.1) GO TO 20 00001120
DO 10 J=2,M 00001130
e IF(B(J).EQ.B(J=1)) CALL ERRMSG(’SOME SIG(J)=SIG(J~1)°,4,6,16) 00001140
. 10 CONTINUE 00001150
20 DO 30 J=i,5 00001160
-30 PRNT(J)3X(IN,J) 00001170
IF(IN.GT.1) GO TO 800 00001180
: - IF(IDER.EQ.1) GO TO 8001 00001190
; 3s S1G1=B(1) 00001200
) HMAX=A 00001210
IF(%.EQ.1) GO TO 45 00001220
: DO 40 J=1,M1 00001230
i H(J)SB(M+J) 00001240
{40 SIG(J)=8(J) 00001250
CALL MINMAX(H,M1,HMIN,HMAX) 00001260
| 4s SIG(M)=B(M) 00001270
i ANORM=ZA/HMAX 00001280
H 3 TCON=6,28318531E~74SIG1%AA 00001290
[, IF(JSPLN.EG.0) GO TO 49 00001300
, C~=GET PRE=SPLINED FREQ FUNCTION (0<NB<12 GPTION) 00001310
i NS20 00001320
D TEM=B0/DB 00001330
1 ISPLN=0 00001340
| 46 TEMSTEM*DB 00001350
1 IF(TEN.GE.BMTEST) GO TO 47 00001360
i NS=NS+1 00001370
IF(NS.GT.200) CALL ERRMSG(°SPLINED NS>200 IN FCODE®,3,6,16) 00001380
1 XS(NS)=TEM 00001390
] YS(NS)=HZLOOP (TEMSTEN) 00001400
i A GO TO 46 00001410
| 47 CALL SPLIN1(NS,0,0,XS,YS,AS,BS,CS,0,DER,T,w2) 00001420
] ISPLAN=1 00001430
I
|
)

I
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49 TO=,SSTMIN/TCON 00001440
TnsTMAX/TCON 00001450
LATE30 00001460
IF(IFIRST.EQ.1) IWARNSZQ 00001470
NEWs} 000014380
TRANSL=1.E30 00001490
DO 70 I=1,NN 00001500
T(I)=X(I,3)/TCON 00001540

C==GET TRANSIENT IMPULSE RESPONSE VIA LAGGED CONVOLUTION IN TIME, 00001520

TRANSS,563663977%RFLAGS(0,HZLOOP,EPS,TO0,TN,T(I),NEW) 00001530

NEW=0 00001540
IFC(TRANS,GT,1.0) GO TO 7% 00001550

CeelF CALC.TRANS TOQ NOISY, THEN FORCE TRANS=TRANSL; THIS SHOULD NOT 00001560
C OCCUR wWITH THE USUAL TIME RANGE USED wITH MOST FIELO EQUIPMENT, 00001870
IF(TRANS LT.0,0.,0R,TRANS .GT.TRANSL) THEN 00001580
TRANSSTRANSL 00001590
IF(INARN,EQ.,0) THEN 00001600

IWARN=1 00001610

CALL WARN(C°NOISE IN CALC. TRANS DETECTED.",0,6,16,%71) 00001620

ENDIF 00001630

ENDIF 00001640

71 TRANSUSTRANS 00001650
VSAVE(I)STRANS 00001660

70 CONTINUE 00Q03670

Ce=1F 10PT=1, THEN CONVERT COMPUTED "TRANS"™ TO "APPRES" 0000168V
IF(IOPT.EQ.1) THEN 00001690

C¥3GET APP.RES. (SEE C®*END OF "IF(JOPT.EQ.1) THEN®" BELOW) 00001700
DG 69 I=1,NN 00001710

TIMESTCONST(]) 00001720
TVST(I)*VSAVE(I) 00001730

Ce=MUELLERS ITER USING FCTCI(X1)=0 FOR SOLUTION X3 IN (0,20,) 00001740
CALL DFIND(.1D=20,100,20,D00,FCTCI,XL,XR,IER) 00001750
IF (IER.GT.0) THEN 00001760

TAR(L,1)=1./81G} 00001770
X1=XR 00001780
TAR(I,2)30,0 00001790
GO To 62 00001800
ENDIF 00001810
CALL ORTMI(X1,FX1,FCTCI,XL,XR,.1D0=5,1000,IER) 000010820
IF(IER.GT.Q) THEN 00001830
TAR(I,1)%31./51G1 00001840
X1=xXL 00001850
TAR(1,2)%0.0 00003860
GO T0 62 00008870
ENDIF 0000108860

Ce=X1 FOUND, GET APPRES TAR(I,%) 00003890
TAR(CI,1)S(XMUOSAA)/(4,%TIMES X 1*82) 00001900
IF(TINE,.GT.0.04) LATEs=1 009001910

C==L0O0OK FOR 2ND X1 AND TAR(I,2), EIC. 00001920

62 CALL DFIND(0,0D00,25,X3=.0135X3,FCTCI,XL,XR,IER) 00001930
IF(IER,.GT.0) THEN 00002940

CALL OFIND(X31+.08%X1,25,1,005,FCTCI,XL,XR,IER) 00001950
IF(IER.GT.0) THEN 00001960
TAR(I1,2)%0,0 00001970
GO TO 68 00001980

- - ow v —— s S B o S G S - s von o om = = o o _._._..~_...‘{.-... e e - e
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k]
H
ENDIF 00001990
! ENDIF 00002000
: CALL ORTMI(X1,FX1,FCTCI,XL,XR,.1D=4,1000,IER) 00002010
IFCIER.GT.0) THEN 000020290
1 TAR(I,2)=20,.0 00002030
| GO TO 68 00002040
! ! ENDIF 00002050
I ! TARCI,2)Z(XMUOBAA)/(4,$TIMESX1882) 00002060
1 68 CONTINUE 00002070
‘ C==GET FINAL APPARENT RESISTIVITY APPRES(I) FROM TAR(I,2) 00002080
TEM=1,/SIG1 00002090
D IFCABS(TAR(1,1)=TEM) ,LT.ABS(TAR(1,2)~TEM)) THEN 00002100
; APPRES(1)=TAR(1,1) ’ 00002110
; ELSE 00002120
APPRES(1)2TAR(1,2) 00002130
ENDIF 00002140
IF(APPRES(1).EQ.0,0) APPRES(1)=TEM 00002150
DO I=2,NN 00002160
Jsley . 00002170
IFCABS(TAR(I,1)=APPRES(J)) . LT.ABS(TAR(I,2)=APPRES(J))) THEN 00002180
1. APPRES(I)=TAR(I,!1) 00002190
ELSE 00002200
4 APPRESCI)=TAR(I,2) 00002210
ENDIF 00002220
IF (APPRES(1).,EQ.0.,0) APPRES(I)=APPRES(J) 00002230
ENDDO 00002240
ENDIF 00002250
CSSEND OF "IF(IOPT.EQ.1) THEN®™ ABOVE FOR APP,.RES. 00002260
IF(ISTEP.EQ.1) THEN 00002279
C==GET STEP RESPONSE AS INTEGRAL OVER TIME OF IMPULSE RESPONSE. 00002280
CALL INTEG1(NN,T,VSAVE,3.0) 00002290
ENOIF 00002300
i IFC(IDER.EQ.0) GO TO 600 00002310
IFIRST=0 00002320
DO 80 J=1,M21 00002330
‘ 80 BSAVE(J)=B(J) 00002340
C==GET PRE=SPLINED TRANSIENT (EITHER ISTEP=0 OR 1) ~OR= APPRES 00002350
i . 600 IF(IOPT.EQ.0) THEN 00002360
i FIB(M2)SVSAVE(IN)/SIGL 00002370
4 ! ELSE 00002380
1 | F=B(M2)SAPPRES(IN) 00002390
‘ ENDIF 00002400
g RETURN 00002410
i 800 IF(IDER.EQ.0) GO TO 600 00002420
C-=IDER=1 EST.DER,OPTION 00002430
i 8001 IF(IFIRST.EQ.1) GO TO 35 00002440
; DO 802 J=1,M21 00002450
, IF(B(J).NE.BSAVE(J)) GO TO 35 00002460
|- 802 CONTINUE 00002470
ﬁ GO TO 600 00002480
q END 00002490
A REAL®8 FUNCTION FCTCI(X) 00002500
i Ce=FUNCTION FCTCI(X) FOR ZERO OF FCTCI(X1)=0 VIA CALL DRTMI 00002510
J IMPLICIT REAL*8 (A*H,0«2) 00002520
1 PARAMETER (SQPI=1,772453850905516D0,CON1=2,D0/SQPI) 00002530
1
;

|
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COMMON/PASSER/TV,LATE
X2sx*X
IF(LATE.EQ.0.OR X GE.0.1) THEN
ESDEXP(=X2)
FCTCI®3,D0%DERF(X)~2,D06X26TV-CONL*X®6(3,D0+2,008X2)3E
ELSE
FCTCI={((=2,00%X2/33.00+2,D0/9,D00)8X2~
1 4.00/7,00)8X2¢0.8D0)8X2%X=SQPIOTV
ENDIF
RETURN
END
SUBROUTINE MARQ.TRANS_HZLOOP.SUBZ(Y,X,B,PRNT,NPRNT,N,TITLE,IOUT)
Ce= INITIALIZATION ROUTINE (CALLED ONCE)
c
C SUBZ IS CALLED BY NLSOL AFTER THE DATA Y¥(I),X([,S) ARE READ,
C SUBZ CHECKS FOR DATA ERRORS, READS ADDITIONAL SINIT
C PARAMETERS, AND LOADS SOMNE CONSTANTS IN COMMON STORAGE...
(o
C==PARAMETERS~=
Y,X,8,PRNT SAME AS IN SUBROUTINE FCOOE,
NPRNT2 CONTROL PARAMETERS TO USE PRNT(NPRNT) ARRAY
NPRNT REPRESENTS THE NQ, X(1,NPRNT) VALUES
N3 NO, OBSERVATIONS GIVEN IN Y(N),X(N,S)
TITLEs ALPHA TITLE ARRAY READ IN BY PGM IMSLMQ,
I0UT= 1 IF UNIT 6 AND 16 PRINT FILES USED
0 IF ONLY UNIT 6 PRINT FILE USED,

NnNONOOnNHNN

"CHARACTER®9 0PT(O0:1)

COMPLEX K2(10),KS1,C4,ZA,2AC4

CHARACTER®80 TITLE '

REAL ¥(1),X(500,5),8(1),PRNT(1),81G(10),H(10)
COMMON/PASS/ZAC4,ANORM,CURL,DC,S1G,B0,BM,SIGL,EPS,ISTEP
COMMON/FPASS/AA,TMIN,TMAX,TO,TM,DB,B8MTEST,

& M1,M21,M2,JSPLN,NN,IFIRST,I0PT
COMMON/SPLN/FILL(3000),NS,1ISPLN
COMMON/MODEL/K2,KS1,H,2,A,R,HMAX,M

Cse NAMELIST/INIT/MM,A,Z,EPS,B80,8M,NB

COMMON/NAMELLIST/FILLS(6S5),Mn,FILLS2C4),EPS,,
{ FILLER(3031),I0PTa/,ISTEP.,NB,BO.,PARM(4),BM.,A.,2.
DATA 1SUBZ/0/,0PT/ TRANSIENT®, APPRES®/
IF(ISUBZ.NE.O0) GO TO 30
C==PRESET
Isuazs=y
LT 3%
ISTEP.=0
Ae=0,0
2.30,0
B0.=,01
BM,2100,
NB=§
EPS.=2,1E=9
I0PT.=0

Cs*s10 READ(S,INIT)

10 CALL NAMELIST(S, SINIT®,s1})

I0PT=I10PT-
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00002540
00002550
00003560
00002570
00002580
00002590
00002600
00002610
00002620
00002630
00002640
00002650
00002660
00002670
00002630
00002690
00002700
00002710
00002720
00002730
00002740
00002750
00002760
00002770
00002780
00002790
00002800
00002810
00002820
00002830
00002840
00002850
00002860
00002870
00002880
009002890
00002900
00002910
00002920
00002930
00002940
00002950
00002960
00002970
00002980
00002990
00003000
00003010
00003020
00003030
00003040
00003050
00003060
00003070
00003080
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MMM 00003090
EPSSEPSS 00003100
ISTEP=ISTEP. 00003110
| 80=80a 00003120
BM=BM. 00003130
AzA. 00003140
4 Z=2. 00003150
11 CALL NONBLANK(TITLE,NONBLK) 00003160
g WRITE(6,20) TITLE 00003170
20 FORMAT(*1{NLSTCI}$*,5X,A<NONBLK>/) 00003180
# IF(IOUT.EQ.1) wRITE(16,20) TITLE 00003190
: WRITE(6,30) MM,A,EPS,B0,BM,NB,2,ISTEP,10PT 00003200
- IF(IOUT.EQ.1) WRITE(16,30) MM,A,EPS,B0,84,NB,Z,ISTEP,IOPT 00003210
30 FORMAT(’ MM=2°,13,12X,° A=’,E13,6,4X, EPS=’,E13,6/ 00003220
& ° B0=°,E13.6,2X,°BM=’,E13,6,4X,°NB=",13/ 00003230
& * 2=°,E13.6,3X,"ISTEP=",13/° I0PT=",13) 00003240
Ce=TEST SINIT PARMS 00003250
IF(¥M ,LT,1,0R.MM,GT,10,0R.A,LE.0,0,0R.NB.LT.0,0R, 00003260
& ISTEP.LT.0.,0R.ISTEP.GT.L{.OR.I0PT.LT,0,0R,IOPT.GT,.1.0R, 00003270
&. BH.LE.BO.O“.BO.LE.O.O.OR.Z.LT.O.O) 00003280
& CALL ERRMSG(’SOME SINIT PARMS OUT OF RANGE.”,6,6,16) 00003290
IF(Z.GT.0,0,AND,ISTEP.EQ.1) 00003300
1 CALL ERRMSG(°Z>0 AND ISTEP=1 NOT ALLOWED.’,1,6,16) 00003310
IF(10PT.EG.1.AND,ISTEP.EQ.1) 00003320
1 CALL ERRMSG(“IOPT=1 AND ISTEP=! NOT ALLOWED,’,0,6,16) 00003330
C-=TEST X(I, ) DATA BEFORE PROCEEDING 00003340
DO 40 I=2,N 000023350
IFC(XCT,1)LEJX(2~1,1).0R,X(1,1).LE.0,0) 00003360
6 CALL ERRMSG(°SOME X(I,1)<=0,0 OR NOT INCREASING.’,7,6,16) 00003370
40 CONTINUE 00003380
C=«PRESET SOME GLOBAL CONSTANTS 00003390
IFIRST=1 00003400
NNE=N 00003410
AA=A®A 00003420
ZA=CMPLX(A,0,0) 00003430
CURI=,3183098861/AA 00003440
C4aCMPLX(A/(2,0%SQRT(AA+Z*2)%%3),0,0) 00003450
ZACA=ZA®C4 00003460
DC=A*CURI*REAL(CY) 00003470
TMIN2X(1,1) 00003480
TMAXSX(N,1) 00003490
ISPLN=0 00003500
JSPLN=0 00003510
! IF(NB.GT.0.,AND,NB.LT,12) JSPLN=1 00003520
IF(JSPLN,EQ.1) THEN 00003530
DBBEXP(2,30258509/FLOAT(NB)) 00003540
BMTEST=0,5%(BM+BM*DB) 00003550
ENDIF 00003560
WRITE(6,50) 00003570
IF(I0UT.EQ.1) WRITE(16,50) 00003580
50 FORMAT(////° PARAMETER ORDER==‘/) 00003590
MlaNNe] 00003600
M2182%MMe] 00003610
M23M21e1 00003620
WRITE(6,110) (I,I,I31,MM) 00003630
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IF(IOUT.EQ.1) WRITE(16,110) (I,I,I=i,MM) 00003640
110  FORMAT(S5X,I3,6X,6HSIGMA(,I3,1H)) 00003650
IF(MM.EQ.1) GO TO 132 00003660
DO 120 I=1,Mt 00003670
J=MMel 00003680
IF(IOUT.EQ.1) #RITE(16,130) J,I 00003690
120 WRITE(6,130) J,I 00003700
130  FORMAT(SX,I3,6X,6HTHICK(,13,1H)) 00093710
132  WRITE(6,131) M2,M2,0PT(IOPT) 00003720
131  FORMAT(SX,I3,10X,°B(*,I3,°) SHIFT PARAMETER IN B(2¥MM)*’,A) 00003730
IFC(IOUT.EQ.1) WRITE(46,131) M2,M2,0PT(IOPT) 00003740
NPRNT=2 00003750
RETURN 00003760
END 00003770
SUBROUTINE NAMELIST(IUNLT,NAME,%) 00003780
c 00003790
C {NAMELIST INPUT ON VAX=11/780} VIA "CALL NAMELIST®" (VERSION: 12’10/80)00383803
c 0000381
Ce=A SIMULATED °NAMELIST/NAME/® PROCESSOR FOR VAX=11 FORTRAN=77 TO 00003820
C IMPLEMENT "CALL NAMELIST(IUNIT, SNAME®,%EOF)" ON VAX, WHICH 00003830
C IS SIMILAR TO "READ(IUNIT,NAME,ENDSEOF)" ON MOST LARGE SYSTENMS. 00003840
c 00003850
C==BY W.L.ANDERSON, U.S., GEOLOGICAL SURVEY, DENVER, COLORADO. 00003860
¢ 00003870
Ce=THIS IS A SUBSET OF THE ACTUAL NAMELIST/NANE/ AVAILABLE ON 00003880
C MOST LARGE MAIN=-FRAME SYSTEMS. CURRENT OPTIONS ARES 00003890
c 00003900
C (1) ALL VARNAN’S ARE RESTRICTED TO i TO 6 CHAR’S (ALP,NUM, AND “.°) 00003910
c BUT MUST BEGIN WITH AN ALP CHAR (E.G., A3., BVAR, C.2, ETC.) 00003920
C (2) ONLY VARIABLE TYPES REAL*4 %8 (NAMTYP=1) AND INTEGER*2 4 00003930
c (NAMTYP=0), SEE C==== EXAMPLE STATEMENTS FOR NAMTYP BELOW s=3==, 00003940
c (NOTE: COMPLEX,LOGICAL, OR CHARACTER VARIABLE TYPES ARE "NOT® 00003950
c CODED IN THIS VERSION.) 00003960
C (3) MAX. 60 VARNAM®S ALLOWED IN NAMELIST (FOR ALL “SNAMES® USED). 00003970
C (4) MAX. NUMBER FIELD (FLOAT OR FIXED) IS 20 CHAR WIDE, WHERE 00003980
c BLANK CHAR’S ARE IGNORED, AND TYPE CONVERSION IS AUTOMATIC. 00003990
c FLOAT NUMBERS WITH OPTIONAL E+XX OR D=XX AND ' WITH OR WITHOUT °.° 00004000
c IN THE MANTISSA IS ALLOWED (E.G., 123E=3, .1230+02, =3,14, EIC.).00004010
C (S) PARTIAL ARRAY’S ALLOWED: E.G., A(10)=225.1, """ 00004020
c AND B21,3.2,... 00004030
C (6) REPEAT FACTORS ALLOWED; E.G., C=2%1,3,.. 00004040
C (7) ONLY 1=DIM ARRAYS ALLOWED WITH MAX SIZE 99999, 00004050
C (8) THE NAMELIST °$NAME® WUST BE 2 TO 7 CHAR®S, AND MUST BEGIN WITH 00004060
c A "S" CHAR (E.G., "SP’, °SPARMS®, ETC.)$ ALSQ, THE FIRST CHAR IN00004070
c IFILE MAY BEGIN IN COL. 1 BUT LESS THAN COL. 72 (BUFFER IS 80). 00004080
c LINES IN IFILE MAY BE CONTINUED TO COL., 1 ON NEXT LINE, AND 00004090
c TERMINATE THE NAMELIST BY "$(END]*~=THE "END® IS OPTIONAL. E.G., 00004100
¢ 00004110
c SPARMS A=1,B=2,3,7%1,C(3)==,123E~10, 00004120
c D=1800, E=S¥208$END 00004130
c SNEXNAM F2123, G=10,C(2)=15.02 § 00004140
c «esEND=OF=IFILE. .. ' 00004150
C (9) ABOUT 98% OF ALL THE POSSIBLE ERRORS ARE DETECTED AND AN 00004160
c ERROR MESSAGE IS PRINTED ON UNIT 06, FOLLOWED BY CALL EXIT. 00004170
c (NOTE: WATCH OUT FOR THE REMAINING 2% UNDETECTED ERRORS}) 00004180
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C 00004190
C=«SUBROUTINES CALLED: 00004200
c 00004210
C DECODEIX, DECUDEX, AND NONBLANK, 00004220
C 00004230
Ce=USAGE: 00004240
o 00004250
€ 1, MODIFY FILE “INCLNAMES.FOR® AS REQUIRED (USE ANY EDITOR), 00004260
C (SEE Cz=33 EXAMPLE STATEMENTS BELOW ==a33x3,) 00004270
C 2, RECOMPILE SUBROUTINE °NAMELIST® WITH THE DESIRED INCLNAMES,FOR. 00004280
C 3. IN USERS CALLING PROGRAM, USE: 00004290
C CALL NAMELIST(IUNIT, “SNAME’,SN) <==0ON VAX, WHERE N=E,0.F RETURN Q0004300
o STATEMENT (ABEL. THIS SIMULATES ON VAX: 00004310
C "READ(IUNIT,NAME,END=N)® ON SYSTEMS WITH NAMELIST/NAME/ .4« 00004320
C 00004330
CEOSBIXERERSEXAPAIFICIFEFSICEASASXORESIFS I ARSI EEAOXIFICXXAOSBECEF6x3882%300004340
C 00004350

CHARACTER® (%) NAME 00004360

CHARACTER®! C(47),BUFI 00004370

CHARACTER*6 VARNAM 00004380

CHARACTER®20 NUMFLD 00004390

CHARACTER®40 BUF 00004400
c 00004410

(322222 8St23IR=SSRRIRIIIIINIIITTIITZ=ITI=ITTISISSTTIIIse=szxss2222=200004420

sss33= THE USER MUST CHANGE THE FOLLOWING STATEMENTS FOR THE SPECIFIC 00004430
Cszz=s2z2 NAMELIST VARIABLES DESIRED (E.G,, USE TECO OR EDT, ETC,)s=s=5=2300004440
C===38= DIMENSION NO.NAM VARIABLES TO AGREE WITH CHANGED OATA STATEMENTS00004450

Cs= 00004460
C=z0ON VAX USE THE FOLLOWING INCLUDE STATEMENT (OPTIONALLY, USE /LIST): 00004470
Cas= 00004480
c>> INCLUDE °“INCLNAMES.FOR/NOLIST® 00004490
c 00004500

Ceszz3z=3s8333233=325332338= INCLNAMII . FT =azszss=sasszsgrs=sz=z=ss3zs=s=00004510

Czzsz=zs=a=3zzs2=333==3 FOR USE [N CALL NAMELIST sszs=zzzzzzz2333=s3=25=35==200004520

C NQRMALLY, ONE SHOULD COPY °INCLNAM13.FT° TO “INCLNAMES.FT’; THEN 00004530
(o EDIT “INCLNAMES.FT” AS DESIRED FOR USERS CALL NAMELIST. NOTE THAT 00004540
Cc ONE MUST RECOMPILE ‘NAMELIST.FT’ WITH USERS CALLING PROGRAMN, 00004550
(o WHERE “NAMELIST.FT® CONTAINS THE FOLLOWING STATEMENT? 00004560
(o 00004570
(o INCLUDE °INCLNAMES.FT/LIST® 00004580
C2z22233333IS8333S3SESS283TIZTIZSSSI I IS =2RIZ=STIIBTISSENEIR=s=2s283=800004590
< 00004600

COSEISEIFSEANICIRSSFFICIISAISEFESSICSSSSATSEOISEFFAUSSESEISSIGSISI34$30800004610

C THIS IS "SPARMS AND SINIT® INPUT FOR PROGRAMS “NLSTCI" AND "NLSTCO®" 00004620
CESESIIFEIIBELCISESESICCIISICOCEFSSFIBASNGSOEEICSISESSSEFCICICEX3500s383800004630

C 00004640
C8585888855555835588555885S8558S53585885835835588555558855588835855888858500004650
C$s CHANGE THE FOLLOWING FORTRANe77 PARAMETER STATEMENT QNLY IF Q0004660
Css INCREASING THE DEFAULT DIMENSIONS FOR NLSOL: 00004670
PARAMETER (NDIM2500,MDIN=S,KDIM=20) Q0004680
Css WHERE NDIM3MAX,08S.,, MDIMIMAX,INDEP.VARS., KDIMZMAX, UNKNOWN PARMS, Q0004690
Css DO NOT CHANGE THE FOLLOWING RELATED PARAMETER STATEMENT: 00004700
PARAMETER (K1DINZKDIM~l, 00004710
1 IVDIMSKDIM+60,NKVDIM=906+28NDIM+(KDIM¥(TSKDIM$41))/2) 00004720

CSS8S8885S855588555588S585585583358835553855588858835555835858588855585888800004730
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c 00004740
COMMON/NAME_LIST/VL,V2,V3,V4,V5,V6,V7,V8,V9,V10, 00004750
* V13,V1i2,v13,V14,V15,V16,v17,V18,V19,V20, 00004760
¥ V21,V22,V23,V24,V25,v26,V27,V28,V29,V30, 00004770
* y31,V32,v33,Vv34,v35,V36,V37,V38,V39, 00004780
® V40,V41,V42,V43,V44,V45,V46,V47,V48,V49,V50,V51 00004790
INTEGER V1,V¥2,V3,V4,VS5,Ve6,V7,VE8,V9,V10,V11, 00004800
* V17, V21,V22,V23,V24,V25, v27,v28,Vv29, Vv3S5,Vv36,v37,v38,V39, 00004810
* V40,V44,vV45,V46 00004820
DIMENSION Vi(1),v2(1),v3(1),V4(l), 00004830
* V5(1),¥6¢(1),v7(1),va(1),vI(1),v10(1), 000045840
s V11(1),vi2(1),vi3(1),Vv3ia(L),v15(L), 00004850
* V16(1),v17(1),Vi8(1),V19(1),v20(1), 00004860
* V21(1),v22¢1),v23(1),V24(1),V25(1), 00004870
* V26(KDIM),V27(K1DIM),V28(1),V29(1),V30(1), 00004890
* v31(1),Vv32(1),V33(1),v34(1),V35(1), 00004890
! ® V36(1),v37(1),Vv38(1),V39(1),V40(IVDINM), 00004900
$ V41 (NKVDIM),V42(KDIM),V43(KDI¥),V44d(1),va5(1), 00004910
$ V46(1),v47(1),V48(4),v49(1),V50(2), 00004920
* v51(1),v52(2),v53(1),VsS4(1),V55(1), 00004930
& Vv56(1),vS7(1),VS8(1),Vv59(1),v60(1) ’ 00004940
OIMENSION NAMDIM(60),NAMLEN(60),NAMTYP(60) 00004950
CHARACTER®6 NAM(60) 00004960
DATA NAM/°N’,°K*,°IP”,°M°, IALT", ISTOP’, IWT",“IDER’, 00004970
® “IPRT®,"NITER’,“INQON’,°FF’,"T",°E’, TAU®,"XL", "MODLAM", 00004980
¢ “GAMCR’,°DEL’,’ZETA’,"10UT’,”SP”, SCALEP*,”"SY", "SCALEY’, 00004990
% ‘B’,’IB",°10B°,°MM",°X0",°Y0°,°L", EP’, "EPS", "NEPS"*, 00005000
* "“METHOD®,“NFIN’,°IER®,“MEV’,"IV®,"V*,°BL"’, BH", 00005010
i * °10PT",°ISTEP®,"NB’, 80", PARM’,"BM’,°A",*2°,98° *°/ 00005020
1 DATA NAMDIM/25%1,KDIM,K1D0IM,12%1,IVDIN,NKVDIM, 2%¥KDIM,48, 00005030
1 4,3%1,9%0/ 00005040
DATA NAMLEN/2%1,2,1,4,5,3,2%4,5,4,2,2%4,3,2,6,5,3,2%4, 00005050
* 2,6,2,6,1,2,3,3%2,1,2,3,4,6,4,2%3,2,1,29%2, 00005060
* 4,5,2%2,4,2,2%1,9%0/ 00005070
; DATA NAMTYP/11%0,5%1,0,3%1,5%0,1,3%0,5%1,5%0,0,3%1,3%0,5%1,9%0/ 00005080
i DATA NOLNAM/SL/ 00005090
: Csamas3 ENDO OF INCLUDE STATEMENTS 3=33SS3S83333S5SSSSSass33ezs3za=:s=33500005100
j - C 00005110
Css 00005120
i Cm= FOR EXAMPLE, FILE ‘INCLNAMES.FOR® MAY CONTAIN (WITHOUT "C=3"): 00008130
i Css3 00005140
! . Ca=m COMMON/NAMEL.LIST/VL,V2,¥3,V4 00005150
, C== REAL*8 Vi 00005160
, C== INTEGER V3 00005170
b csa DIMENSION V1(1),V2(2),V3(3),v4(4), 00005180
| C=a ® VS5(1),V6(1),Vv7(1),Vve(1),Vv9(1),VvLi0(L), 00005190
| Cas ® V11(1),vi2(1),V13(1),V14(1),V15(1), 00005200
’ C== ® V16(1),Vv17(1),v18(1),Vv19(1),v20(1), 00005210
; C== ® V21(1),V22(1),V¥23(1),Vv24(1),v25(1), 00005220
{ Cs= ® v26(1),V27(1),V28(1),V29(1),v30(1), 00005230
i Cs= * V31(1),V32(1),V33(1),v3I4(1),VaS(L), 00005240
Cza ® V36(1),V37(1),V308(1),v39(1),v40(1), 00005250
Cs=z ® V41(1),Vva2(1),v43(1),V44(1),v45(1), 00005260
C=a * V46(1),V4a7(1),v48(1),Va9(1),v50(1), 00005270
C=a $ V¥51(1),V52(1),v53(1),V54(1),V55(1), 00005280
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; Css ® VS56(1),V57(1),VS08(1),VS59(1),ve0(1) 00005290
+ Css3 DIMENSION NAMDIM(60),NAMLEN(60) ,NAMTYP(00) 00005300
i Cas CHARACTER®6 NAM(60) 00005310
} Css DATA NAM/“A’,°BB’,°ICC*,°DDDL4°,56%° °/ 00005320
, Css DATA NAMDIM/1,2,3,4,56%0/ 00005330
 Cs=a DATA NARNLEMN/3,2,3,5,56%0/ 00005340
Css DATA NAMNTYP/2¢1,0,3,56%0/ 00005350
Css DATA NOLNAMZ4/ 00005360
C=sz=m3 END QF EXAMPLE INCLUDE STATEMENTS ca=z=3sss=z3ass3=sscsasszzss===200005370

C 00005380
COSEXISXKISSESES SIS PSS SEOERELEEXSSESESRFNSEUBASHBAXS RS SARAEXEESXO588863500005390

C NOTE: THE ABOVE EXAMPLE SIMULATES 00005400

C *NAMELIST/NAME/A,B8B,ICC,DDD.4° 00005410

(o} “REAOCIUNIT,NAME ,ENDSEOF) 00005420

[ READ(IUNIT,ANYNAN,END=EQF) "’ 00005430

C IN THE CALLING PROGRAM USING: 00005440

(o ees 00005450

(o REAL®8 A 00005460

C cee 00005470

[o COMMON/NAMELLIST/A,BB(2),ICC(3),D0D.8(4) 00005480

[« cee 00005490

(o CALL NAMELIST(IUNIT, SNAME’,SEQF) 00005500

c ces 00005510

C CALL NAMELIST(IUNIT, SANYNAM’,SEQF) 00005520

C see 00005530
CHSESESESUFSEESESFSSSISESSEESEEASFSSATABELEEACEESOASSESXSSREESEELSESS* 2800005540

Cc 00005550
DATA C/°A°’,’B’,°C*,’D’,“E*,F*,°G*,"H*,°1°,°d%,°K’?,°L®, N’ ,°N", 00005560

‘ OOO'CPI'OGC"RO.CSC.'TI"u.'lvl"".'xl"yv’lzl"-v’ ooooss’o

‘ 010.02..030.0‘0.050'060..70.080.'9"000' oooossao

‘ [ 4 0.0s.'0=0‘0"'0(.'".'C)O.C.C"’O'C.., 00005590
JELEN(NAME) 00005600
IF(JoLT+2.0ReJ.GT.7) THEN 00005610

CALL ERRMSG(°CALL NAMELIST ILLEGAL «#ITH NAME= °// 00005620

1 NAME//® CLENGTH<2 OR >7 CHAR®’S)*,1,6,0) 00005630

ENDIF 00005640

. IF(NAME(121).NE,"S°) 00005650
! 1 CALL ERRMSG(’CALL NAMELIST ILLEGAL wITH NAME= °// 00005660
! : 2 NAME//C (1ST CHAR MUST BE *"$" CHAR)’,1,6,0) 00005670
. ; CeeINITIALIZE 00005680
i : INAME=0 00005690
;10 READ(IUNIT,13,END399991 ,ERR=99992) BUF 00005700
t 13 FQRMAT(AS0) 00005710
! IF(INAME.EQ.1) GO T0 20 00005720
C==LOOK FOR “SNAME" 00005730
ISINDEX(BUF,NANME) 00005740

IF(1.£Q0.0) GO T0 30 00005750

INAME®] 00005760

ICOLSI+J 00005770

JNAMZO 00005780

ILEN=Q 00005790

VARNAMZ® ° 00005800

NUMLENSO 00005810

IELE=} 00005820

GO TO 30 00005830
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20 ICoL=1 00005840
30 CALL NONBLANK(BUF,LENBUF) 00005850
C==BEGIN PARSER LOOP (THE BIG 20000 LOOQP) 00005860
IEND=0 Q0005870

DO 20000 I=ICOL,LENBUF 00005880
BUFI=BUF(IZI) 00005890

DO 40 IC=i,27 00005900
IF(BUFI.EQ.C(IC)) GO TQ 100 00005910

40 CONTINUE 00005920
DO 50 I1C=28,37 00005930
IF(BUFI.EQ.C(IC)) GO TG 200 00005940

So CONTINUE 00005950
DO 60 IC=38,47 00005960
ICa=IC=37 00008970
IF(BUFI.EQ.C(IC)) GO TO 70 00005980

60 CONTINUE 00005990
61 WRITE(6,66) I,BUF 00006000
66 FORMAT(/° (NAMELIST): ERROR IN FOLLOWING RECORD AT COL(’,I2,°):°/ 00006010

1 1X,A80/<I>X,°*°) 00006020

CALL ERRMSG(’ILLEGAL CHAR="®//BUFI//°" FOUND’,0,6,0) 00006030

67 WRITE(6,66) I,BUF 00006040
CALL ERRMSG(’NUMLEN<1 IN DECODEIX °40,6,0) 00006050

68 WRITE(6,60) I,BUF 00006060
CALL ERRMSG(°NUMLEN<1 IN DECODEX®,0,6,0) 00006070

70 GO TO (20000,72,73,74,75,76,77,78,79,79),1Ca 00006080
Ce=’5" CHAR 00006090
72 IEND=] 00006100
IF(NUMLEN,GT.0) GO TO 798 00006110

! IF(JNAM,EQ,0) GO TO 99990 . 00006120
i WRITE(6,66) I,BUF 00006130
CALL ERRMSG(°MISPLACED "$" CHAR®,0,6,0) 00006140

Ce="2’ CHAR 00006150
73 IEQ=1 00006160
C==CHECK FOR VALID VARNAM, LENGTH ILEN, ETC. 00006170
IF(JLEN,LT.1) GO TO 733 00006180

D0 732 J=3,NO.NAM 000061990

JNAMZJ 00006200
JLENSNAMLEN(J) 00006219

IF(JLEN NE.ILEN) GO TO 732 00006220

DO 731 K=1,JLEN 00006230
IF(VARNAM(K:K) JNE.NAM(JINAM) (K3K)) GO TO 732 00006240

738 CONTINUE 00006250
' Qew=VARNAM VERIFIED OK TO PROCEED TO NUMFLD(S) 00006260
s C 00006270
IDIMSNAMDIM(JINAN) 00006280
NUMLEN=0 00006290

NDEC=0 00006300

NREP=1 00006310

NEXP=0 00006320

GO TO 20000 00006330

732 CONTINUE 00006340
WRITE(6,66) !,BUF 00006350

1 CALL ERRMSG(’ILLEGAL VARNAM=’//VARNAM//°® FOUND®,0,6,0) 00006360
733 JRITE(6,66) I,BUF 00006370
CALL ERRMSG(“MISPLACED "=® CHAR *,0,6,0) 00006380
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{ Cee’,” CHAR 00006390
74 IF(NUMLEN,GT.0) GO TG 799 00006400
WRITE(6,66) I,8UF 00006410
CALL ERRMSG(’MISPLACED ",® CHAR’,0,6,0) 00006420
Ce="(° CHAR 00006430
15 IELE=0 00006440
| GO TO 20000 00006450
, Ce="8%" CHAR 00006460
D 76 IFC(JNAN,EQ,0,OR,NUMLEN,LT.1.0R.NUMLEN,.GT.5) GO TO 767 00006470
P i 760 CALL DECODEIX(NUMFLD,NUMLEN,NREP,*67) 00006480
|5 i NUMLEN30 00006490
p ] IF(NREP.GT.0.AND.NREP.LE.NAMDIM(JNAN)) GO TO 20000 00006500
: : WRITE(6,66) l,BUF ‘ 00006510
: CALL ERRMSG(’REPEAT FACTOR <1 OR >NAMDIM  *,0,6,0) 00006520
E 767  «RITE(6,66) I,BUF 00006530
F CALL ERRMSG(’REPEAT WIDTH > 5 OR MISPLACED "s" CHAR’,0,6,0) 00006540
Cee”)’ CHAR 00006550
77 IFCIELE.NE.O) GO TO 772 00006560
CALL DECODEIX(NUMFLD,NUMLEN,IELE,*67) 00006570
IF(IELE,LT,.1) GO TQ 773 00006580
) NREPS1 00006590
GO TO 20000 00006600
., 772 WRITE(6,66) I,8UF 00006610
| CALL ERRMSG(’MISPLACED ")*" CHAR’,0,6,0) 00006620
: | 773 WRITE(6,66) I,BUF 00006630
g | CALL ERRMSG(’ARRAY IELE<) OR DNAMDIM *,0,6,0) 00006640
g | Ce=",” CHAR 00006650
- 78 IF(JNAM,EQ,0.O0R.NEXP,GT.0.,0R.NDEC.GT,0) GO TO 78¢ 00006660
NDEC3NUMLEN+} 00006670
IF(NAMTYP(JNAM) .EQ.1) GO TO 200 00006680
783  WRITE(6,66) I,8UF 00006690
CALL ERRMSG(°MISPLACED ",® CHAR’,0,6,0) 00006700
Cee’=’ OR “+” CHAR 00006710
79 IFCIELE.GT.0,0R.NEXP,GT.0) GO TO 210 00006720
WRITE(6,66) I,BUF 00006730
] CALL ERRMSG(’MISPLACED "=" OR "+" CHAR’,0,6,0) 00006740
! Ce=<ALP> CHAR 00006750
\ 100  IF(NUMLEN,GT.0) GO TO 209 00006760
; ‘ IFC(ILEN.GT.0) GO TO 102 00006770
| : 1EQ20 00006780
1 ; 1ELE=Y 00006790
, © 302  ILENSILENel 00006800
| ‘ IF(ILEN,.GT.6) GO TO 101 00006810
‘ VARNAMCILENSILEN)3BUFI 00006820
| GO T0 20000 00006830
101 WRITE(6,66) I,BUF 000066840
g CALL ERRMSG(”VARNAM>6 CHAR”’S”,0,6,0) 00006850
! Co=<+=NUM> CHAR 00006860
g 200 IF(IELE.EQ.0) GO TO 210 00006870
# IF(IEQ,EQ.0) GO TO 102 00006880
g GO TO 210 00006890
; 209 IF(BUF1.EQ,"E’.OR.BUFI.EQ.°D”) THEN 00006900
} . NEXPSNUMLEN+1 00006910
. ELSE 00006920

GO TO 61 00006930
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ENDIF 00006940
210  NUMLEN=NUMLEN¢1 i 00006950

IF(NUMLEN.GT,20) GO TO 211 00006960

; NUMFLD(NUMLENSNUMLEN)=BUFI 00006970

j GO TO 20000 00006980

! 213  WRITE(6,66) I,BUF 00006990

: ] CALL ERRMSG(’NUM FIELD>20 CHAR’°S°’,0,6,0) 00007000
| i Ce=PROCESS NUMBER FIELD 00007010
| ! 999  IDIMZIDIM=1 00007020
D : IFCIDIM.LT.0) GG TO 10004 00007030
[ 798  IF(NEXP.GT.0) GO TO 1000 00007040
3 Ce=(NEXP=0] 00007050
" IF(NDEC.GT.0) GO TO 699 00007060
; ; Ce=[NEXP20, NDEC=0] 00007070
| CALL DECODEIX(NUMFLD,NUMLEN,IX,*67) 00007080
C~=CONVERT IX ANO STORE IN COMMON 00007090

800  Xx=IX 00007100

IFCIELE.GT .NANDIM(JNAM)) GO TO 773 00007110

8000 GO TO (801,802,803,804,805,806,807,808,809,810, 00007120

* 811,812,813,614,0815,416,917,818,919,820, 00007130

s §21,822,0823,0824,825,826,0827,628,829,830, 00007140

s 831,932,833,834,835,836,837,0838,839,840, 00007150

* 841,842,843,844,0845,846,847,848,849,850, 00007160

~ : s 851,852,0853,854,855,856,857,858,9859,860),JNAM 00007170

5 801  VI(IELE)=X 00007180
‘. GO TO 10000 . 00007190
- 802  V2(IELE)=X 00007200
GO TO 10000 00007210

803  V3(IELE)=X - 00007220

GO TO 10000 00007230

804 V4(IELE)=X 00007240

GO TO 10000 00007250

805 VS(IELE)=X 00007260

, GO TO 10000 00007270
: 806 V6(IELE)=X 00007280
R GO TO 10000 00007290
4 807 V7CIELE)=X 00007300
i GO TO 10000 00007310
808  VS(IELE)aX 00007320

, GO TO 10000 00007330
_ 809 V9(IELE)=X 00007340
g 1 GO TO 10000 00007350
| 1 810  V10(IELE)=X 00007360
1, } GO TO 10000 00007370
811  VI11(IELE)=X 00007380

GO T0 10000 00007390

4 812  V12(IELE)sX 00007400
GO TO 10000 00007410

| 813  VI13(IELE)=X 00007420
A GO TO 10000 00007430
1 814  VI14(IELE)=X 00007440
E GO TO 10000 00007450
1 . 815  VIS(IELE)=X 00007460

. ’ GO TO 10000 00007470
{ | 816 V16 (IELE)SX 00007480
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817
818
19
820
821
822
823
824
82s
826
827
828
829
830
831
832
833
834
835
8136
837
838
839
840
841
842
843

GO TO 10000
V17(IELE)sX
GO TO 10000
V18 (IELE)=X
GO TO 10000
V19(IELE)3X
GO TO 10000
V20 (IELE)=X
GO TO 10000
V21 (IELE) =X
GO TO 10000
V22(IELE) =X
GO TO 10000
V23 (IELE)=X
GO TO 10000
V24(IELE) =X
GO TO 10000
V25 (ZELE) =X
GO TO 10000
V26 (1ELE)=X
GO TO 10000
V27(IELE)=X
GO TO 10000
V28 (1ELE) =X
GO TO 10000
V29 (IELE) =X
GO TO 10000
V30 (IELE)=X
GO TO 10000
V31(IELE)=X
GO TO 10000
VI2(IELE)=X
GO TO 10000
V33 (IELE)=X
GO T0 10000
V34(IELE)=X
GO 70 10000
VIS (IELE)=X
GO TO0 10000
V36 (IELE) =X
GO TG 10000
V37 (IELE)=X
GQ TC 10000
V38 (IELE)=X
GO TO 10000
VI9(IELE)=X
GO TO 10000
V40 (IELE)=X
GO TO 10000
V41(JIELE) =X
GO TG 10000
V42(IELE)=X
GO TO 10000
V43 (1ELE)=X
GO TO 10000
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00007490
00007500
00007510
00007520
00007530
00007540
00007550
00007560
00007570
00007580
00007590
00007600
00007610
000907020
00007630
00007640
00007650
00007660
00007670
00007680
00007690
00007700
00007710
00007720
00007730
00007740
00007750
00007760
00007770
00007780
00007790
00007800
00007810
00007820
00007830
00007840
00007850
00007860
00007870
00007880
00007890
00007900
00007910
00007920
00007930
00007940
00007950
00007960
00007970
00007980
00007990
00008000
00008010
00008020
00008030

wd
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i 844  V44(IELE)=X 00008040

! GO TO 10000 00008050

84S  VAS5S(IELE)=X 00008060

GO TO 10000 00008070

-] 846  V46(IELE)sX 00008080

! GO TO 10000 00008090

© 847  V47(IELE)=X 00008100

GO TO 10000 00008110

848  V48(IELE)=X 00008120

a GO TO 10000 00008130

e 849  V49(IELE)=X 00008140

GO TO 10000 00008150

850 VSO(IELE)=X 00008160

GO TO 10000 00008170

851 VSi1(IELE)=X 00008180

GO TO 10000 00008190

8852 VS2(IELE)=X 00008200

GO TO 10000 00008210

853  VS3(IELE)=X 00008220

GO TO 10000 00008230

854  VSA4(IELE)=X 00008240

GO TO 10000 00008250

8SS  VSS(IELE)=X 00008260

GO TO 10000 00008270

856 VS6(IELE)=X 00008280

= . GO TO 10000 00008290

. 857 VST(IELE)=X 00008300

GO TO 10000 00008310

858 VSB(IELE)=X 00008320

; GO TO 10000 00008330

859 VS9(IELE)=X 00008340

GO TO 10000 00008350

860 V60(IELE)=X 00008360

GO TO 10000 00008370

C==({NEXP=0, NDEC>0] 00008380

899 CALL DECODEX(NUMFLD,NUMLEN,NDEC,X,*68) 00008390

] C=-=CONVERT X AND STORE IN COMMON 00008400

’ , 900 IF(IELE.GT.NAMDIM(JNAM)) GO TO 773 00008410

i GO TO 8000 00008420

\ i Ce=[NEXP>0] 00008430

! {1000 IF(NDEC.GT.0) GO TO 2000 00008440

{ i  Ce=[NEXP>0, NDEC=0] 00008450

, CALL DECODEIX(NUMFLD,NEXP=1,IX,*67) 00008460

z X=IX 00008470

| 1002 Jsi 00008480

[ . - DO 1001 K=zNEXP+1,NUMLEN 00008490

f . NUMFLD (J3$J)=NUMFLD(K:K) 00008500

] - 1003 J=J+1 00008510

; CALL DECODEIX(NUMFLD,NUMLEN=NEXP,IE,*67) 00008520

o X=X%10,**1E 00008530

" C** {LATER INSERT A CALL TO A OVERFLOW HANDLER, ETC.) 00008540

i GO TO 900 00008550

; ; Ce=(NEXP>0, NDEC>0) 00008560

1) 2000 CALL DECODEX(NUMFLD,NEXP=},NDEC,X,*68) 00008570

3 GO TO 1002 00008580
; .




Program NLSTCI Page 49
VAX Documentation

+ Ce=NEXT IELE? 00008590
;10000 IELE=IELE+} 00008600
: IF(IELE.GTNAMDIM(JNAM)) GO TO 10002 00008610
i IF(NREP.GT.1) GO TO 10003 00008620
i 10001 IFC(IEND.EQ.1) GO TO 99990 00008630
‘ NUMLEN=0 00008640
NDEC=0 00008650

NEXP=0 00008660

NREP=31 00008670

ILEN=0 00008680

VARNAMNZ® ° 00008690

GO TO 20000 00008700

10002 IELE=1 00008710

GO TO 10003 00008720

10003 NREPSNREP=1 00008730
IDIM=IDIM=1 00008740
IF(IDIM.GE.O0) GO TO %000 0000875¢

10004 WRITE(6,66) I,BUF 00008760
CALL ERRMSG(°TOO MANY ELEMENTS FOR GIVEN NAMDIN,’,0,6,0) 00008770

C==END OF DO 20000 CONTINUE PARSER =0Re READ IN NEXT BUF, ETC. 00008780
20000 CONTINUE 00008790

GO TO 10 00008800

. Ce=“S’ CHAR (DELIMITER S(END] FOR THIS SNAME ee$) 00008810
! 99990 RETURN 00008820
Ce=E.0.F. ON FILE IUNIT ENCOUNTERED, 00008830
99991 RETURN 1 00008840
99992 CALL ERRMSG(’CANNOT OPEN/READ CALL NAMELIST(IFILE,eee)®,1,6,0) 00008850
END 00008860
SUBROUTINE DUMYPCODE() 00008870

| C==DUMMY PCODE FOR USE IN “MARGRT’ OR ‘NLSOL’ 000008680
CALL ERRMSG(’IDER30 NOT AVAILABLE IN THIS VERSION.’,4,6,16) 00008890

END 00008900
SUBROUTINE SIGSUBEND(Y,X,B,K,N,TITLE,IOUT) 00008910
CSS$GENERAL SUBEND TERMINATION ROUTINE WITH °“SIGMA’ NAMES, 00008920

C ALSO GIVES RESTART SPARMS ON UNIT34 AS °“FOROQS,TMP’ 00008930

c 00008940
CHARACTER¥132 LINE 00008950
CHARACTER®*90 TITLE 00008960

REAL Y(1),X(%00,5),B(1) 00008970

, CALL NONBLANK(TITLE,NB) 00008960
! WRITE(6,10) TITLE 00008990
‘10 FORMAT(//° *8ssssss E N D osssxess’ SX, ACNB>// 00009000
i 1 ° PARAMETER NAME’,6X, FINAL SOLUTION’,8X, 00009010
1 2 °RESISTIVITY LAYER DEPTH®/) 00009020
IF(IOUT,EQ.1) WRITE(16,10) TITLE 00009030
MM3(K+1)/2 00009040

DO 30 I=1,MM 00009050

. R21,0/BCI) 00009060
- WRITE(6,20) I,I,8(I),I,R 00009070
20 FORMAT(2X,13,3X, "SIGMA(’,12,°) 3’ ,E16.,8,2X,12,E16,8) 00009080
IF(IOUT,.EQ,1) WRITE(16,20) I,I,B(I),I,R 000069090

30 CONTINUE 00009100
K130 00009110
IF(K.EQ.1) GO TO 60 00009120
IF(K,EC.2) GO TO S2 00009130
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: H2=MMel 00009140
K1=K 00009150

' IF(MOD(K,2),EQ.0) KisK=} 00009160
) D=0.0 00009170
] DO S50 1I=M2,K1 00009180
i 0=D+B(1) 00009190
i LII=MM 00009200
; WRITE(6,40) I,L,B(1),L,D 00009210
© 40 FORMAT(2X,13,3X, THICK(’,12,°) =°,E16.8,22X,12,E16.8) 00009220
! IF(IOUT,EQ.1) #RITE(16,40) I,L,B(I),L,0 00009230
1 s¢ CONTINUE 00009240
IF(K1.EQ.K) GO TO 60 00009250

52 WRITE(6,54) K,B(K) 00009260

sS4 FORMAT(2X,13,3X, SHIFT’,5X,"=°,E16.8) 00009270
IF(IOUT.EQ.1) WRITE(16,54) K,B(K) 00009280

C*# GENERATE RESTART S$PARMS ON FOR00S,.TMP 00009290

60 REWIND S 00009300
OPEN(UNIT=4,FILE="FOR0COS,TMP*,STATUS="NEW", 00009310

1 CARRIAGECONTROL=’LIST®) 00009320
READ(S,65,END®999) LINE 00009330

65 FORMAT(A) 00009340
CALL NONBLANK(LINE,NB) 00009350
WRITE(4,66) LINE 00009360

66 FORMATCACNBD) 00009370
100L=0 00009380

70 READ(S5,65,END=999) LINE 00009390
ISINDEX(LINE,*s”) 00009400
IF(I.NE.O0) THEN 00009410
IF(IDOL.EQ.0) THEN 00009420

tooL=1 . 00009430
J2INDEX(LINE(L¢125),°8") 00009440

IF(J.NE,0) THEN 00009450

1DOL=2 00009460

LINE(J:J)=",”’ 00009470

ENDIF 000094860

ELSE 00009490

1DOL=2 00009500
LINE(I31)S",” 00009510

! ENDIF 00009520
H ENDIF 00009530
CALL NONBLANK(LINE,NB) 00009540
WRITE(4,66) LINE 00009550
IFCIDOL.LT.2) GO TO 70 00009560
LINE(12)="B=" 00009570

DO 80 I=1,K 00009580

. ENCODE(16,90,LINE(3:18)) 8(I) 00009590
90 FORMAT(G16,8) 00009600
IF(I.LT.K) THEN 00009610
LINEC19:319)=",° 00009620

; ELSE 00009630
{ LINE(19219)%°8° 00009640
i ENDIF 00009650
CALL NONBLANK(LINE,NB) 00009660
WRITE(4,66) LINE 00009670

: LINE(1232)3° 00009680
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80 CONTINUE

190 READ(S5,65,END=999) LINE
CALL NONBLANK(LINE,NB)
WRITE(4,66) LINE
GO TO 100

999 RETURN
END
SUBROUTINE CPUTIME(IL,12)

CPUTIME WRITES “ELAPSED & CPU® TIME FROM PREVIOQUS "CALL SETTIME"
FORTRAN UNITS Il (IF NOT 0) AND I2 (IF NOT 0).

AILL EJECT FIRST IF I120 (OR I2>0).
DOUBLE SPACE FIRST IF I1<0 (OR I[2<0),

CALL SETTIME ! DON°T FORGET TO DO THIS!
CALL CPUTIME(=6,16) ! OR USE I1 OR 12=0 TO OMIT WRITE.

naQaOonOnnNnOOnNNNAOn

SAVE
INTEGER*4 ABSVAL(4),INCRVAL(4)
CALL PROCINFOCABSVAL,INCRVAL)
TIMESSSECNDS(TIMEO)
MINSTIMES/60.0
SEC=AMOD(TIMES,60,0)
CPUSEC=INCRVAL(1)*,01
IMINECPUSEC/60,0
CSEC=AMOD(CPUSEC,60.0)
PCPUZ100,*(CPUSEC/TIMES)
IF(I1.NE.O) THEN
IF(I1.GT.0) THEN
Jsi
ELSE
Jzo
ENDIF
WRITE(IABS(It),60) J,TIMES,MIN,SEC,CPUSEC,IMIN,CSEC,PCPU,
1 C(INCRVAL(I),I1=2,4)
60 FORMAT(I!,65(°8$°)/° TOTAL "ELAPSED"™ TIME=’,F16,2,° SEC. (°,
I4,° MIN.’,F6.2,° SEC.)*°/
* CPU.TIMES’,F15,2,° SEC. (*,I4," M, °,F5.2,
‘ 8.) CPU & =°,F6.2,°%°/
* BUF.I/0.COUNTE",I10/
® DIR.I/C.COUNT=’,110/
® PAGE.FAULTS=’,2X,110/
* °,65(°8°)//)
ENDIF
IF(I2.NE.0) THEN
IF(12,.GT,0) THEN
Jay
ELSE
J30
ENDIF
WRITE(IABS(I2),60) J,TIMES,MIN,SEC,CPUSEC,IMIN,CSEC,PCPU,

RSP W N

ON
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00009690
00009700
00009710
00009720
00009730
00009740
00009750
00009760
00009770
00009780
00009790
00009800
09009810
00009820
00009830

E.Gso USE TO TIME ELAPSED & CPU TIME FQR PROGRAM OR CQDE SEGMENTS AS:00009840

00009850
00005860

»>>>> THE CODE TO TIME IS HERE <<<<< ! USUALLY A COMPLETE PKOGRAM00009870

00009880
00009890
00009900
00009910
00009920
00009930
00009940
00009950
00009960
00009970
00009980
00009990
00010000
00010010
00010020
00010030
00010040
00010050
00010060
00010070
00010080
00010090
00010100
000101120
00010120
000310130
00010140
00010150
00010160
00010170
00010180
00010190
00010200
00010210
00010220
00010230
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i 1 (INCRVAL(I),I=2,4) 00010240

: ENDIF 00010250

! RETURN 00010260

{ C*® ENTRY “CALL SETTIME®-=MUST BE DONE BEFORE °CALL CPUTIME(I1,I2)° 00010270

i ENTRY SETTIME() 00010280

! TIMEO=SECNDS(0.0) 00010290

- i CALL PROCINFOCABSVAL,INCRVAL) 00010300

1 ! RETURN 00010310

: END 00010320

: SUBROUTINE DECODEIX(NUMFLD,NUMLEN,IX,*) 00010330

; C==USED IN CALL NAMELIST(IUNIT, SNAME®,*) 00010340

| CHARACTER®*9 FMT 00010350

& " CHARACTER*20 NUMFLD 00010360

[ IF(NUMLEN.LT.1) RETURN 1 00010370

E IDIFF320=NUMLEN 00010380

IF(IDIFF.EQ.0) THEN 00010390

ENCODE(9,991,FMT) NUMLEN 00010400

ELSE 00010410

ENCODE(9,992,FMT) NUMLEN,IDIFF 00010420

ENDIF 00010430

. 991  FORMAT("(I°,12,° 1) 00010440

¥ 992  FORMAT(’(I’,12,°,°,12,°X)°) 00010450

DECODE(9,FMT,NUMFLD) IX 00010460

RETURN 00010470

END 00010480

SUBROUTINE DECODEX(NUMFLD,NUMLEN,NDEC,X,*) 00010490

Ce=USED IN CALL NAMELIST(IUNIT, SNAME®,S) 00010500

CHARACTER*12 FNT 00010510

CHARACTER®$20 NUMFLD : 00030520

IF(NUMLEN.LT.1) RETURN 1 00010530

LENDEC=NUMLEN=NDEC 00010540

IDIFF=20=NUMLEN ) 00010550

IFC(IDIFF.EQ.0) THEN 00010560

ENCODE(12,991,FMT) NUMLEN,LENDEC 00010570

ELSE 00010580

ENCODE(12,992,FMT) NUMLEN,LENDEC,IDIFF 00010590

ENDIF 00010600

ﬁ 991  FORMAT("(F*,I2,°.°,12,° 1°) 00010610

’ . 992  FORMAT(’(F’,12,°,°,12,°,°,12,°X)") 00010620

i 1 DECODE(12,FMT,NUMFLD) X 00010630

] i RETURN 00010640

| ! END 00010650

; i REAL*9 FUNCTION DERF(X) 00010660

5 1 C 00010670

; ! ¢ DERF COMPUTES THE ERROR FUNCTION TO ABOUT 15<PLACES. 00010680

1 C SEE MATH, OF COMP., V.22,N.101,JAN,1968, 00010690

P c 00010700

i IMPLICIT REAL*9 (A<H,0=2) 00010710

? DIMENSION A$1(19),A2(19) 00010720

‘} DATA PI/3.141592653589793D0/ 00010730

| DATA A1/.7032250027437754D0,,3305015219166062D0, 00010740

i 1 .2013397472647063D0,.108630245022740700, 00010750

B 2 .46775523432484860~1,,15396572615710200=~1, 00010760

] 3 .3801507679852967D=2,,6971837924080287D=3, 00010770

ﬂ 4 .94490926881045500+4,,94328116983836680=5, 00010780
i
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5 .6919275203251401D%6,.,3722523493691080D0~7,
6 .1466606142338001D=8,,322616144318049D~10,
7 ,88978652067233D-12,.136760444757D~13,
8 .,1533423425D~15,.12536751D~17,.745170=20/
DATA A2/.2472551681400521D0,,.,144227226361574700,
1 .8698945499593455D0=1,.4397733819408337D~1,
2 .1724396258866226D+1,.5079069612202570D2,
3 .11086064534234070-2,.1782280162548617D-3,
4 .2104045830732514D-4,,1020663163643408D~=5,
S ,1153309909443694D=6,.53427502760308270=-8,
6 .1808465876095127D=9,.44696822924881D~11,
7 .8060688389450-13,,106013646360~14,
8 ,101649277D~-16,,.7300050-19,0,000/
IF(X.EQ.,0,0D0) THEN
DERF=0,000
RETURN
ENDIF
B=,4D0sX
S=DSIN(B)
C=0C0S(B)
C23C+C
ALP3C2%C~1,D0
SUM=0,0D0
DO 10 N=1,19
SUM=SUM+ (AL (N)+C2SA2(N))SALP*S(N=1)
10 CONTINUE
DERF=8/PleS*SUM
RETURN
END
SUBROUTINE DFIND(XO,NHALF ,X™,FCT,XL,XR,IER)
C
C=="FIND" FIRST FCT(XL) AND FCT(XR) WITH OPPOSITE SIGNS

C IN RANGE X=(X0,XM) USING MAX, 2¢NHALF BISECTIONS, WHERE

C FCT IS A REAL®8 EXTERNAL DECLARED FUNCTION.

c

Ce=IF NO SIGN CHANGE IN (X0,XM}, EXITS #ITH IER=1

C (ELSE IER=0 mEANS XL AND XR FOUND),

c

Ce=USE BEFORE CALL DRTMI(X,F,FCT,XL,XR,EPS,MAXITR,IER)

C TO FIND GUARANTEED ROOT UF FCT(X)=0 3Y MUELLERS ITERATION,

C

IMPLICIT REAL®8 (A=H,0-2)

XL=X0

SIGNXR=0SIGN(L.DO,FCT(XM))

XR=XM

DO N=1,NHALF
X=20,5008(XL+XR)
IF(DSIGN(1.D0,FCT(X)) NE,SIGNXR) GO TO 10
XR=X

ENDDO

XL=0.SDOS(X0+XM)

XR=XM

DO N=1,NHALF
X=20,5D0*(XL+XR)
IF(DSIGN(1,D0,FCT(X)),NE,SIGNXR) GO TG 20

Page S3

00010790
00010800
00010810
00030820
00010830
00010840
00010850
00010860
00010870
00010880
00010890
00010900
00010910
00030920
00010930
00010940
00010950
00010960
00010970
00010980
00010990
00011000
00011010
00011020
00011030
00011040
00011050
00011060
00011070
00011080
00011090
00011100
oootil11io0
00011120
00011130
00031140
00011150
00011160
00011170
00011180
00011190
009043200
00011210
00011220
00011230
00011240
00011250
00031260
00011270
00011280
00011290
00011300
00081310
00011320
00011330
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! XL=X 00011340

ENDDO 000131350

1ER=1 00011360

RETURN 00011370

10 1ER=0 00011380

XL=x 00011390

: RETURN 00011400

! 20 IER=0 00011410

: XR=X 00011420

END 00011430

SUBROUTINE ORTMI(X,F,FCT,XLI,XRI,EPS,IEND,IER) 00011440

: C~~IBM SSP ROUTINE, P,.219, TO SOLVE FCT(X)=0 8Y MUELLERS ITERATION 00011450

g IMPLICIT REAL®*8 (A«H,0=2) 00011460

’ 1ER=0 00011470

XL=XLI 00011480

XR=XRI 00011490

X=XL 00011500

TOL=X 00011510

F=FCT(TOL) 00011520

IF(F)1,16,1 00011530

1 FL=F 00011540

X=XR 00011550

. TOL=X 00011560

! F=FCT(TOL) 00011570

-} IF(F)2,16,2 00011580

2 FR=F 00011590

IF(DSIGN(1,D0,FL)+DSIGN(1,D0,FR))25,3,29 00011600

3 1s0 00011610

TOLF=100,D0*EPS - 00011620

4 I1=I+1 00011630

DG 13 K=1,IEND 00011640

X=.5D0% (XL+XR) 00011650

.) TOL=X 00011660

} F3FCT(TOL) 00011670

\ IF(F)S$,16,5 00011680

, 5 IF(DSIGN(1.DO,F)+DSIGN(1,DO,FR))7,6,7 00011690

; 6 TOL=XL 00011700

F ‘ XL=XR 00011710

; ; XR=TOL 00011720

{ : TOL=FL 00011730

b ! FL3FR 00011740

‘ i FR=TOL 00011750

D7 TOL=F~FL 00011760

l A=FeTOL 00011770

i ABA+A 00011780

; . IF(A=FR3(FR=FL))8,9,9 00011790

5 ; .1 8 IFC(I-IEND)17,17,9 00011800

] - . 9 XR=2X 00011810

R FR=F 00011820

; TOL=EPS 00011830

i ] A=DABS (XR) 00011840

4 IF(A=1,D0)11,14,10 00011850

g . 10 TOL=TOL®A 00011860

| i1t IF(DABS(XR=XL)=TOL)12,12,13 00031870
1 A

Y IF(DABS(FR=FL)=TOLF)14,14,13 00011880
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13 CONTINUE 00011890

1ER=1 00011900

14 IF(DABS(FR)=DABS(FL))16,16,15 000131910

15 X=XL 00011920

F=fL 00011930

16 RETURN 00011940

17 ASFR=F 00011950

DXB(X=XL)SFL®(1,00¢F$(A=TOL)/CAS(FR=FL)))/TOL 00011960

xM=X 00011970

FM=F 00011980

XsXL=0X 00011990

TOL=X 00012000

FaFCT(TOL) 00012010

IF(F)18,16,18 00012020

18 TOLSEPS 00012030

A=DABS (X) 00032040

IF(A=1,00)20,20,19 00012050

19 TOL=TOLSA 00012060

20 IF(DABS(DX)=TOL)21,21,22 00012070

2 IF(DABS(F)=TOLF)16,16,22 00012080

22 IF(DSIGN(1,D0,F)+DSIGN(1,00,FL))24,23,24 00012090

23 XR=X 00012100

FR=F 00012110

! GO T0 4 00012120

24 ALSX 00032130

FL3F 00012140

XR=XM 00012150

FRaFM 00012160

GO TO 4 00012170

128 IER=2 00012180

RETURN 00012190

END 00012200

SUBROUTINE ERRMSG(MSG,ISKIP,IUNIT:,IUNIT2) 00012210

c 00012220

C GENERAL ERRQOR MESSAGE OUTPUT AND EXIT ON VAX=11/780 00012230

c 00012240

C MSG®(*) = VARIABLE=LENGTH °MESSAGE® 00012250

© C 1SKIP 3 O FOR NO BLANK LINE BEFGRE OUTPUT TO IUNITL & IUNIT2 00012260

Y > 0 FOR ONE BLANK LINE BEFORE. 00012270

* € ZUNITL = O TO SUPPRESS OUTPUT ON IUNIT1 (>0 TO WRITE ON IUNIT}), 00012280

C 1UNIT2 = 0 TO SUPPRESS OUTPUT ON IUNIT2 (>0 TO wWRITE ON IUNIT2)., 00012290

c 00012300

C MESSAGES ARE WRITTEN IN THE FORM? 00012310

¢ 00082320

C (ERRMSG)? .MSG.HERE. 00012330

¢ 00012340

CHARACTER® (%) MSG 00012350

IZLEN(NSG) 00012360

D0 1 Jmi,2 00012370

IF(J.EQ.1) THEN 00032380

JUNIT=IUNITY 00012390

ELSE 00012400

JUNITSIUNIT2 00012410

ENDIF 00012420

IF(JUNIT,GT.0) THEN 00012430
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IF(ISKIP.EQ.0) THEN 00012440
: ARITE(JUNIT,2) MSG 00012450
: ELSE 00012460
! WRITE(JUNIT,3) NSG 00012470
: ENDIF 00012480
i ENDIF 00012490
Pt CONTINUE 00012500
! CALL EXIT 00012510
P2 FORNAT(1X, " {ERRMSG}: *,A<I>) 00012520
3 FORMAT(/1X,* {ERRMSG}: *,A<I>) 00012530
END 00012540
SUBROQUTINE INTEG1(N,X,Y,¥0) 00012550

c THIS ROUTINE INTEGRATES A FUNCTION"S VALUES (Y 00012560

c AS A FUNCTION OF X) FROM 0 TO X BY CALCULATING THE CUBIC 00012570

¢ SPLINE COEFFICIENTS AND INTEGRATING THE RESULTING 00012580

c CUBIC POLYNOMIAL APPROXIMATION, THE Y VALUES ARE 00012590

c REPLACED BY THE INTEGRATED VALUES. 00012600

c Y0 IS THE VALUE OF Y AT X=0.0 (ASSUMES THAT ALL INPUT 00012610

c X > 0). 00012620
DIMENSION X(N),Y(N) 00012630
DIMENSION A(200),8(200),C(200),P(200),5(200),PS(2),X1(200),¥Y1(200)00012640

DATA PS/0,0,0,0/ 00012650

D0 1 I=i,N 00012660
X1¢I+1)=X(1) 00012670

§ 1 Y1(I+1)=Y(I) 00012680
X1(1)=0.0 00012690

Y1(1)=Y0 00012700

1 Ni1=N+1 00012710
: CALL SPLIN1(N1,0,X1,Y1,A,B8,C,0,PS,P,S) 00012720
YC1ISXCI)®(YO+XCLIPA(1)/2.+XC1)*X(1)%B(1)/3,+X(1)*%33C(1)/4.) 00012730

NizNe] 00012740

DO 10 I=1,N1 00012750
Z3X(1+1)=XCI) 00012760

10 Y(I+1)=Y(I)+2Z%(YLCI+1)+ACI+1)2Z/2,¢B(I+1)%Z%Z/3,+C(I+1)%Z%23/4,) 00012770
RETURN 00012780

END 00012790
SUBROUTINE MINMAXCA,N,AMIN,AMAX) 00012800
DIMENSION A(1) 00012810
AMINSA(1) 00012820

. AMAXSAMIN 00012830
' DO 1 I=2,N 00012640
AMINSAMINLI(ANIN,A(CI)) 00012850

: AMAXZAMAX1 (AMAX,A(I)) 00012860
i 1 CONTINUE 00012870
i RETURN 00012880
i END 00012890
SUBROUTINE NLSOL(FCODE,PCODE,SUBZ,SUBEND) 00012900

¢ 00012910

C (NLSOL}: GENERAL NONLINEAR LEAST=SQUARES SOLUTION  {2/8/82) 00012920
;¢ USING DENNIS ET AL (1979; SEE REF1 BELOW) 00012930
I ADAPTIVE NONLINEAR LEAST=SQUARES ALGORITHM. 00012940
io¢ 00012950
i C%% THIS IS AN INTERFACE ROUTINE WRITTEN FOR THE VAX=11/780 BY 00012960
C W,L.,ANDERSON, U.S.GEOLOGICAL SURVEY, DENVER, COLORADO. 00012970

C 00012980
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C*® THIS INTERFACE (NLSOL) HAS ADDITIONAL OPTIONS (BESIDE REF1) TO: 00012990
C (1) PERFORM EITHER UNCONSTRAINED OR UP TO 4=TYPES OF CONSTRAINED 00013000
: Cc ADAPTIVE NONLINEAR REGRESSIOM FOR ARBITRARY NONLINEAR PROBLEMS., 00013010
i c (I.E., PARTIAL OR FULL LOWER/HIGHER PARAMETER BOUNDS, ETC.) 00013020
! (o (2) HOLOING CERTAIN PARAMETERS FIXED (3.E., AS CONSTANTS) IN THE 00013030
! [of LEAST=SQUARES (THIS IS ANQTHER FORM OF CONSTRAINING SOLUTION 00033040
(o SPACE)., 00033050
(o (3) PROVIDE FOR WEIGHTED OBSERVATIONS (I.E., WEIGHTED LEAST=SQUARES)00013060
[ (4) OBJECT (RUN)=TIME CONTROL OF READING THE DATA MATRIX, PLUS 00013070
[+ MANY OTHER I/0 OPTIONS, ETC. 00033080
(of (S) OPTIONALLY, ONE CAN USE EITHER ESTIMATED PARTIAL DERIVATIVES, OR00013090
(o) ANALYTICAL PARTIAL DERIVATIVES (IF SUBROUTINE PCODE AVAILABLE). Ooglgigg
(o 0001
Css THE USER ONLY NEEDS TO WRITE SUBROUTINES FCODE, PCQODE, SUBZ, AND 00013120
(of SUBEND (SEE DETAILS BELOwW) EXACTLY AS USED IN SUBROGUTINE “MARQRT’ 00013130
(of (SEE REF2) OR “IMSLMQ’® (SEE REF3). ALSO, THE SAME PARAMETER FILE 00013140
(o FORO0S AND OBJECT (RUN)=TIME DATA MATRIX FILE FORQ10 AS USED &Y 00013150
[+ EITHER MARQRT OR IMSLMQ MAY BE USED IN ‘NLSOL’, 000133160
(o) 00013170
i Css NLSOL CALLS NLITR WHICH CALLS °NL2ITR’ AS PUBLISHED 8Y DENNIS ET AL,00013180
i (o) (SEE REF1l, P, 38), OR °NL2SNQ° (SEE REFi, P, 35). 00013190
(o 00033200
Css REF1$ DENNIS, J,E., ET AL, 1979, AN ADAPTIVE NONLINEAR LEASTe 00013210
c SQUARES ALGORITHM, NTIS REPORT AD=A079=716, 00013220
Cc 00013230
C REF2: ANDERSON, W.L., 1980, PROGRAM MARQHXY: INVERSION OF HX AND HY00013240
Cc FREQUENCY SOUNDINGS FROM A GROUNDED wIRE SOURCE, USGS OPEN= 000313250
C FILE REPT. 80«901, 00013260
c 000313270
(o REF3: ANDERSON, W.L., 1980, PROGRAM IMSLEXY: INVERSION OF EX AND EY00013280
C FREQUENCY SOUNDINGS FROM A GROUNDED WIRE SOURCE, USGS OPENe 00013290
C FILE REPT. 80-1073, 00013300
C 00013310
Ctt‘c‘l‘tl.l‘.'tt#‘C‘0'ttt.t“'lt‘.t““'ttt.“tt.t‘ttOtt.tt"t‘.“*"“OOO!3320
(o 00013330
: Cesss THE USER MUST DECLARE THE CALLING PARAMETERS AS EXTERNAL IN THE 00013340
! c CALLING PROGRAM (ANY DESIRED NAMES MAY BE USED), 00013350
! ! C EuGay 00013360
i C 00013370
. € C(MAIN]: 00013380
[ o EXTERNAL MY_.FCODE,MY . PCODE,MY_.SUBZ,MY . SUBEND 00033390
[ 4 CALL NLSOL(MY.FCODE,MY.PCODE,MY.SUBZ,MY.SUBEND) 00013400
c STOP 1<OR USE>: CALL EXIT 00013410
i (o END 00013420
i ; C [FCODE): 00013430
: 1 o SUBROUTINE MY, FCODE(Y,X,B,w,F,IN,IDER) 00013440
4 ¢ USER WRITTEN TO EVALUATE THE NONLINEAR OBJECTIVE FUNCTION (F) 00013450
. 1 (o USED IN NLSOL AS THE WEIGHTED SUM OF (Y(IN)=F)s#32, WHERE 00013460
) Cc Y3 OBSERVED DEPENDENT VARIABLE ARRAY (DIN, N, WHERE N 1S 00013470
C GIVEN IN SPARMS NAMELIST INPUTe-SEE BELOW). 00033480
c X3 OBSERVED INDEPENDENT VARIABLE ARRAY (DIM, N,M, WHERE 00013490
C M IS IN SPARMS INPUT), 00013500
c B3 CURRENT PARAMETER ESTIMATES (DIM, K, WHERE 00013510
c K IS IN SPARMS INPUT). 00013520
i (o W3 WORK ARRAY (DIM, S)==MAY BE USED TO PASS DATA TO PCODE, 00013530
!
4

‘;
i
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F= (QUTPUT) THE FUNCTION VALUE EVALUATED FOR THE GIVEN 00013540

Y,X. AND B ARRAYS AT THE OBSERVATION NO, “IN’, 00013550

IN= (INPUT) OBSERVATION NO, TO EVALUATE F (1.LE.IN.LE.N), 00013560

WwHICH 1S CONTROLLED EXTERNALLY BY °’NLSOL’., USUALLY, 00013570

IN=1.2:....N--BUT NOT ALWAYS. 00013580

IDER= 0 IF ANALYTICAL DERIVATIVES ARE USED (PCODE CALLED 00013590

AFTER FCODE). 00013600

; E = ) IF ESTIMATED DERIVATIVES ARE USED (PCODE NOT CALLED 00013610
i AFTER FCODE), 00013620
DIMENSION Y(1),X(500,5),8(1),W(S) 00013630

>>>>> INSERT USER CODE HERE TO EVALUATE F <<<<< 00013640

END 00013650

(PCODE]: >> PCODE MAY BE A DUMMY NAME IF ONLY IDER=1 [S TO BE USED. <<00013660

SUBROUTINE MY.PCODE(P,X,B,%w,F,IN,IP,IB) 00013670

USER WwRITTEN TO EVALUATE THE ANALYTICAL PARTIAL DERIVATIVES OF 00013680
F WITH RESPECT TO B(J),J=1,2,.40¢K, AT OBSERVATION “IN°, wHERE 00013690

ANAQAOONOANANAANNNNAOONOOANONOANNNANAN

Pz (OUTPUT) PARTIAL DERIVATIVE ARRAY (DIM. K, WHERE 00013700
K IS IN SPARMS INPUT). 00033710

X.B.W ARE THE SAME AS USED IN FCODE (SEE ABOVE). 00013720

F= LAST FUNCTION VALUE FROM FCODE AT OBSERVATION IN. 00013730

(NOTE THAT F MAY NOT BE NEEDED, BUT IS AVAILABLE ANYWAY) 00013740

INZ (INPUT) OBSERVATION NO, TO EVALUATE P ARRAY, WHICH IS 00013750

CONTROLLED EXTERNALLY BY °NLSOL® (1.LE.INJLE.N). 00013760

IP= (INPUT) THE NO. OF B=PARAMETERS HELD FIXED IN THE LEAST= 00013770

SOUARES (0.LE.IP.LE.K=1; USE IP30 IF NONE), 00013780

IB= ARRAY OF B=PARAMETER INDICES HELD FIXED IF IP.GT.0. 00013790

NOTE THAT THE INDICES IN IB ARRAY MAY BE IN ANY ORDER, 00013800

BUT MUST BE BETWEEN 1 AND K (K IS IN SPARMS INPUT). 00013810

DIMENSION P(1),X(500,5),8C1),(5),I8(1) 00013820

>>>>> INSERT USER CODE HERE TO EVALUATE P  <<<<< 00013830

¢ END 00013840

C (SUBZ): 00013850

\ c SUBROUTINE MY_SUBZ(Y,X,B3,W,Nw,N,TITLE,IOUT) 00013660
! c USER WRITTEN INITIALIZATION ROUTINE (CALLED ONCE 8Y °NLSOL®). 00013870
c SUBZ MAY BE USED TO CHECK Y(IN),X(IN,M) AFTER INPUT VIA 00013880

¢ OBJECT (RUN)=TIME INPUT (SEE BELOW) ON UNIT IALT. ALSO, SUBZ 00013890

] c MAY BE USED TO READ ADDITIONAL SINIT PARAMETERS, AND TO LOAD 00013900
% c ANY COMMON BLOCKS IF NEEDED IN THE USERS FCODE,PCODE. 00013910
% c Y,X,B,¥ ARE THE SAME AS USED IN FCODE (SEE ABOVE). 00013920
! c NW3 USE ANY DUMMY INTEGER VARIABLE (THIS IS 00013930
‘ ¢ TO MAINTAIN COMPATIBILITY WITH °MARGRT’ OR “IMSLMQ®). 00013940
] c N= NO., OF OBSERVATIONS IN Y(N),X(N,M) ARRAYS, WHERE 00013950
( c K.GE.N.LE.S00 (N,M,K ARE IN SPARMS INPUT). 00013960
L . c TITLEz (INPUT) 80=-CHARACTER HEADING (SEE INPUT FOR00S BELOW). 00013970
| I IOUT= 1 IF TO WRITE OUTPUT ON BOTH FORO06 AND FORO16, 00013980
i c = 0 IF TO WRITE OUTPUT ONLY ON FORO06, 00013990
i c DIMENSION Y(1),X(S00,5),B(1),w(S) 00014000
! c CHARACTER®80 TITLE ' 00014010
" €>>>>> INSERT USER CODE HERE FOR ANY INITIALIZATION DESIRED <<<<< 00014020
; e END 00034030
i ] C (SUBEND): 00014040
; 1 ¢ SUBROUTINE MY.SUBEND(Y,X,B,K,N,TITLE,IOUT) 00014050
| c USER WRITTEN TERMINATION ROUTINE (CALLED ONCE BY °NLSOL®). 00014060

j : . SUBEND MAY BE USED TO OUTPUT THE FINAL SOLUTION VECTOR B(1), 00014070
1 c 1=1,2,...,K, IN OTHER FORMS, ETC., AS DESIRED. [OR IT MAY BE A 00014080

e e et . g - o > ot e B S S e % e o o oot o =+ S o e e ne o e o i e o = -

i
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®s QUTPUT IS GIVEN ON FOR006 (ON=LINE USUALLY) AND ON FORO16(IF IOUT=1)00014410
FOR0316 CONTAINS ALL PRINTABLE OQUTPUT SELECTED VIA SPARMS [PRT,lOUT, 00014420
NOTE: IPRT=0 GIVES ABBREVIATED OQUTPUT ON FORO06 (BUT MORE ON FOR016)00014430

(o DUMMY ROUTINE} I.E., JUST RETURNS,] 00034090
o YoXoK,N,TITLE,IOUT ARE THE SAME AS IN SUBZ AND FCODE. 00034100
M 83 (INPUT) IS THE FINAL SOLUTION VECTQR AS DETERMINED BY 00014110
. € *NLSOL® (SEE REFY FOR DETAILS). 00014120
PR DIMENSION Y(1),X(500,5),8(1) 00014130
{ ¢ CHARACTER*@0 TITLE 00014140
| €>>>>> INSERT USER CODE WERE FOR ANY TERMINATION SUMMARY DESIRED <€€<<<00014150
{ C END 00014160
i ¢ 00014170
| COSSESXEFSESSSUSEERESSURBUSNSUBSRESRNRTROSSSFESESESSFRNRESESR SR Nxs888500014160
. C 00014190
Cex INPUT ORDER ON FOR00S (PARAMETER FILE LOGICAL NAME): 00014200
c ' 00014210
C 3. TITLE (MAX, 80=CHARACTERS==ALWAYS READ BEFORE $PARMS INPUT). 00034220
C 2. SPARMS (SAME DEFINITIONS AS IN “MARQRT®, REF2, OR IN “IMSLMQ”, 00014230
(o REF3), WHICH INCLUDESS N,K,IP,M,IALT,ISTOP,IwT,IDER, 00014240
C IPRT,NITER,IOUT,SP,8(),18(); PLUS THE FOLLOWING PARAMETERS FROM 00014250
c REF1 (NL2SOL), P.31-35: IV(),V()? IN ADDITION, THE LOWER AWND 00014260
C UPPER BOUND ARRAYS BL(),BH(), RESPECTIVELY, ARE REQUIRED IF 00014270
C se>2. 00014280
C 3. (OBJECT-RUN=TIME FORMAT STATEMENT) TO DESCRIBE THE FORMAT OF THE 00014290
C DATA MATRIX ROW Y(I),(X(1,J),J=1,M%) READ ON FILE IALT, WHERE 00014300
o mezM (IF I4T®0) OR MsmMel (IF IWT>0), M.LE.4, AND I=1,2,..44N. 00014310
C (3A). INSERT DATA MATRIX HERE ONLY IF IALT=S, 00014320
C 4, SINIT OPTIONAL NAMELIST USED FOR READING PROBLEM=DEPENDENT 00014330
c PARAMETERS USED IN SUBROUTINE SUBZ (SEE ABOVE)., CURRENTLY, 00034340
C THE FOLLOWING SINIT NAMES (AND DIM.) CAN BE USED: 108,MM,X0,Y0, 00014350
C L,EP,EPS,NEPS,METHOD ,NFIN,JER,MEV, IOPT,NSIG,MAXFN,DELTA,PARM(4), 00014360
{ C AND IRATIO(2). 00034370
C S. OPTIONALLY, REPEAT STEPS 14, IF PARAMETER ISTOP=0 wAS USED 00014380
C IN THE LAST STEP 2. 00034390
o 00014400

C

<

C
c IPRT=1 OR =2 GIVES DETAILED OUTPUT ON BOTH 6 AND 16, 00014440
C IPRT==1 GIVES MODERATE QUTPUT ON 6 (DETAILED ON 16). 00014450
C 00014460
C*» TO RUN ON VAX (ELIMINATE <> DELIMITERS IN SUBSTITUTIONS): 00034470
C 00014480
C SASSIGN <PARAMETER FILE NAME> FOROOS 00014490
- C SASSIGN <DATA MATRIX FILE NAME> FORO10 00014500
ic SRUN <MAIN NAME> 00014510
. € 00014520
| CHSEsassass R ssIsEsssERssassROsROsERsRsAsRRSSEsRBOFEsISssososasess039500014530
C 00014540
CE8685563683665S38386SESESE6556666638385S556583356856868S56683685658683868800024550
Cs$ CHANGE THE FOLLOWING FORTRAN=77 PARAMETER STATEMENT ONLY IF 00014560
Css INCREASING THE DEFAULT DIMENSIONS FOR NLSOL: 00014570
PARAMETER (NDIM=500,MDIMES,KDIM=20) 00014580
Cs$s WHERE NOIM=MAX.0BS., MDIMSMAX.INDEP.VARS., KDIMEMAX.UNKNOWN PARMS, 00014590
Css DO NOT CHANGE THE FOLLOWING RELATED PARAMETER STATEMENT!? 00014600
PARAMETER (KiDIM=KDIM=l,K2DIMEKDIMOKDIN,M1DIMIMDIN-], 00014610
1 IVOINZSKDIM+60,NKVDIM=96+28NDIMe (KDOIMS(T7SKDIM+41))/2) 006014620
CES585S8S56656365S55866S656383556853885368855635658556586356865668886858800014630
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c 00014640
REAL*4 L 00014650
DIMENSION B(KDIM),SQWT(NDIM),IB(K1DIM),C(KDIM),INDEX(KDINM), 00014660

1t IVC(IVDIM),V(NKVDIM),CBOUND(K2DIM), 00014670

2 BL(KDIM),BH(KDIM),CL(KDIM),CH(KDIM),SE(XDIN), 00014680

3 W(KDIM),PARM(4),IRATIQ(2),PRNT(S) 00014690

INTEGER SP,SCALEP,SY,SCALEY 00014700
CHARACTER®3 CHAR3J 00014710
CHARACTER*6 CALLED 00014720

i CHARACTER*80 TITLE 00014730
: CHARACTER*132 LINE132 00014740
, CHARACTER®72 FMT 00014750
i COMMON/FIXDAT/Y(NDIM) ,X(NDIM,MDIM) ,BFIX(KDIM),IIB(K1DIM),IIP, 00014760
{1 IDERe,K.,ISP 00014770

. COMMON/BOUNDS/BL(KDIM) ,BHL(KDIM) 00014780
! COMMON/REVCOM/R(NDIM) 00014790
. EQUIVALENCE (SOWT(1),X(1,MDIM)),(N,NOBS),(K,KPARMS), (M, MVARS), 00014800
; i (CLC1),CBOUND(1)),(CH(1),CBOUND(KDIM¢1)) 00014810
' EXTERNAL FCODE,PCODE,CALCR 00014820
T Cx¥ 00014830

C THE FOLLOWING COMMON/NAME.LIST/ IS TO SIMULATE ON VAX=11/780: 00014840

c NAMELIST/PARMS/ & READ(S,PARMS) VIA “CALL NAMELIST(S5,“SPARMS’,%)° 00014850

c NAMELIST/INIT/ & READ(S5,INIT) VIA °CALL NAMELIST(S5,°SINIT®,*)° 00014860

C$* SEE SUBROUTINE NAMELIST FOR MORE DETAILS, AND ALSO REF1<REF3 FOR 00014870

C DETAILS ON EACH PARAMETER DEFINITION, 00014880

Ces 00014890
COMMON/NAME.LIST/N,K,IP,M,IALT,ISTOP,INT,IDER,IPRT,NITER, INON, 00014900

t FF,T,E,TAU,XL,MODLAM,GAMCR,DEL,ZETA,10UT,SP,SCALEP,SY,SCALEY, 00014910

(e 2 BaIB. IOB,HH,XO.YO.LpEP,EPS,NEPS.HETHOD.NPINplER.NEV. 00014920
3 1V,V,8L,BH, 00014930

; 4 IOPT,NSIG,MAXFN,DELTA,PARM, H,IRATIO 00014940

T Cex 00014950

C NOTE THAT COMMON/NAME.LIST/ CONTAINS SOME PARAMETERS ONLY FOR 00014960

C COMPATIBILITY WITH “MARQRT® QR °IMSLMQ”°; I.E., THE FOLLOWING LIST 00014970

C OF PARAMETERS ARE CURRENTLY NOT USED DIRECTLY BY °NLSOL”: 00014980

i € INON,FF,T,TAU,XL,MODLAM,GAMCR,DEL,E,2ETA,SY,SCALEY, SCALEP, 00014990
. C I0PT,NSIG,MAXFN,DELTA,PARM, 00015000
| Cus 00015010
i C 00015020

C#* READ NLSOL TITLE LINE 00015030
READ(5,10,ERR=9000,END=9010) TITLE 00015040

10 FORMAT(AB0) 00015050

c 00015060

C**PRESET DEFAULT PARMS (SOME MUST BE GIVEN IN SPARMS ELSE AN ERROR) 00015070

c 00015080
NS0 00015090
K=0 00015100
1P20 00015110

=0 00015120
1ALT=10 00015130
ISTOP=1 00015140
ICALL=] 00015150
IWT=20 00015160
IDER=0 00015170
IPRT=0 00015180
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NITER=10
I0UTs}
SP30
DO 20 I=1,KDIM
IF(I.LT.KDIN) IB(I)=0
BL(1)%0,0
8(I)=0,0
BH(I)=30.0
20 CONTINUE
22 Iv(1)=10

Cas
C PRESET NLITR
Css
CALL OFAULT(IV,V)
Css
C#s OVERRIDE FOR IV(15)®3 DEFAULT (MAY BE CHANGED VIA SPARMS INPUT)
Css
IV(isS)=3
C*s
C READ SPARMS ON FORO0OS VIA “CALL NAMELIST® ON VAX
Css
30 CALL NAMELIST(S, “$SPARMS‘,$9020)
Ces
C SET EQUIVALENT PARAMETERS IN DIFFERENT COMMON’S
Ces
I1SPeSP
00 32 I=|,KDIM
BFIX(I)=B(])
BL.(I)SZBL(I)
BH.(1)=8H(1)

IF(I.LT.KDIM) IIB(I)3IB(])
32 CONTINUE

IIP=1IP

IDERL=IDER

Ke3K
Cts
C TEST SPARMS BEFORE PROCEEDING
ces

IF(IP.LT,0.0R,IP.GT.K1DIM)CALL ERRMSG(°IP<O OR IP>19°,0,6,16)
KIP=K=IP
IF(N.LT.1,0R.N.GT.NDIM.OR.N LT.KIP)

{ 1 CALL ERRMSG(’N<1,N>500,0R N<K=IP®,0,6,16)

H IF(K.LT.1.0R.KeGT.KDIM.OR KIP.LT,1)

1 CALL ERRMSGC°K<1,K>20,0R K=IP<1°,0,6,16)
IF(M.LT.1,0R,M.GT.MIDIN)CALL ERRMSG(°N<1 OR M>4°,0,6,16)

P IF(IALT.EQ.6.0R.IALT.EQ.13.0R.IALT.EQ.16.0R.IALT.EQ.4)

1 CALL ERRMSG(°IALT=4,6,13,0R 16°,0,6,16)
IF(ISTOP.EG.0,AND.IALT.EQ,5)

1 CALL ERRMSG(°ISTOP=0 BUT IALT=S°,0,6,16)
IF(IWT,LT.0.0R.INT,GT.2)CALL ERRMSG(°IWT<O OR IWT>2°,0,6,16)
IF (IDER,LT.0.0R.IDER.GT.1)CALL ERRMSG(°IDER<O OR IDER>1°,0,6,16)
IF(SP.LT.0,0R.SP.GT.4)CALL ERRMSG(°SP<0 OR SP>4°,0,6,16)
IF(IP.GT.0) THEN

DO J=1,1P

IF(IB(J).LT.1.0R.IB(J).GT.K) THEN
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ENCODE(3,43,CHAR3) J
CALL ERRNSG(IP>0 AND IB(J)<3 OR IB(J)>K FOR J=°//
1 CHAR3,0,6,16)
ENDIF
ENDDO
ENDIF
; IF(SP.EQ.0,0R.SP.EQ.2) GO TO 41
: DO 40 I=1,KPARMS
IF(SP.EQ.1) THEN
IF(IP.GT,0) THEN
00 42 Js1,IP
IF(I.EQ.IB(J)) GO TO 40
42 CONTINUE
ENDIF
IF(B(I).LE.O.) THEN
ENCODE(3,43,CHAR3) I
43 FORMAT(12,°.°)
CALL ERRMSG(°SP=1 AND B(I)<=0 FOR I=°//CHAR3,0,6,16)
ENDIF
ELSE IF(SP.GT.2) THEN
IF(BC(I)¢LT.BLCZ)4OR.B(X).GT.BH(I).OR.BL(I).GT.BH(I)) THEN
ENCODE(3,43,CHAR3) I
CALL ERRMSG("SP>2 AND BCI)<BL(I), °//
°B(I)>BH(I), OR BL(I)>BH(I)"//
* FOR I=*//CHAR3,0,6,16)
ENDIF
IF(BL(I).EQ,BH(I)) THEN
IF(IP.GT.0) THEN
00 4% Jsi,IP -
IF(I1.EQ.IB(J)) GO TO 40
45 CONTINUE
ENDIF
ENCODE(3,43,CHAR3) I
CALL ERRMSG(SP>2 AND BL(I)=BH(I) BUT B(I) NOT HELD °//
1 *FIXED FOR Is=’//CHAR3,0,6,16)
ENDIF
: ENDIF
. 40 CONTINUE
41 IF(IV(1),EQ.10) THEN
Ce»
C NOTE CALL DFAULT(IV,V) WAS PRESET BEFORE SPARMS READ
Ces

[ S N g

IV(18)=NITER
IF(IPRT.GT.=3 ,AND.IPRT.LT,.1) THEN
IV(19)m=1
ELSE
IV(19)SIPRT
ENDIF
IF(IOUT.EQ.0) THEN
Iv(21)36
ELSE
IV(21)=16
ENDIF
ENDIF
IF(IP.GT.0) THEN
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30
C
c
c

60

0

NO0OnNn 000w

80

90

100

111

DO SO I=%,1P
IF(IBCI) LE.O)CALL ERRMSG(“IP>0 BUT SOME 1IB(1)<=0°,0,6,156)
CONTINUE
ENDIF

READ OBJECT(RUN)=TIME FORMAT FOR DATA MATRIX FROM FILE IALT.

READ(S,60,ERR39000,END=9010) FMT
FORMAT(AT2)
IFC(IWT.EQ.0) THEN
MiZMVARS
ELSE
M1=MVARS+}
ENDIF
DQ 70 I=1,NOBS
READ(IALT,FMT,ERR=29030,END=29040) Y(I),(X(I,Jd),Jd=1,M1)
IFCIWT.EQ.,0,OR X(I,M1).EQ.,0.,0) THEN
SQAWT(I)=1.0
GO TG 70
ELSE IF(IWT.EQ.1) THEN
SQWT(I)=1.0/X(I, MY)
ELSE
SQAT(I)=1,0/SORT(ABS(X(I,M1)))
ENDIF
CONTINUE

INITIALIZE VIA CALL SUBZ (READ SINIT AND TEST, LOAD COMMON, ETC.)

CALL SUBZ(Y,X,BFIX,PRNT, NPRNT,N,TITLE,IQUT)
SESIREEBREESEREFFSEESESEEEIREFSREEXBEESS

WRITE SPARMS ON FOR006 AND FORO16 (THE LATTER IF IOQUTs})

CALL NONBLANK(TITLE,NB)
wRITE(6,80) TITLE,N,K,IP,M,IALT,ISTOP,IwT,IDER,IPRT,NITER,IOUT,SP
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00016290
00016300
0u0316310
00036320
00016330
00016340
00016350
00016360
00016370
00016380
00016390
00016400
00016410
00016420
00016430
00016440
00016450
00016460
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00016590
000316600
00016610
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00016630

FORMAT(“1{NLSOL) 2" ,8X,ACNB>//* N=2’,4X,16,T18,°K=",4X,16,T34,°IP=",00016640

1 3X,16,750,°M%°,4X,16,766,°IALTS",1X,16/° ISTOP=*,16,T18,°IWT=",
2 2X,16,T34,°IDER=",I17,T50,°1PRTS",17,T66, °NITER=",16/° [OUT=’,
3 S5x,12,T18,°5P=°,3X,16)
IF(IOUT.NE.O)
IWRITE(16,80)TITLE,N,K,IP,M,IALT,ISTOP,IWT,IDER,IPRT,NITER,IOUT,SP
IF(IP.GT.0) THEN
WRITE(6,90) (IB(I),I=1,IP)
FORMAT(/° PARAMETERS HELD FIXED: IB=7,2013)
IF(ICUT.NE.O) WRITE(16,90) (IB(I),I=1,IP)
ENOIF
CALL NONBLANK(FMT,NB)
WRITE(6,100) FMT
FORMAT(/° FMT=’ ,A<NB>/)
IF(IOUT.NE,0) WRITE(16,100) FMT
IF(SP.GT.2) THEN
WRITE(6,111) (BL(I),I=1,KPARMS)
FORMAT(/° PARAMETER LOWER BOUNDS: 8L=2°//(S5E16.9))
IF(IOUT,NE.0) WRITE(16,11%) (BL(I),I=31,KPARMS)
ENDIF
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WRITE(6,110) (B(I),I=1,KPARMS)

110 FORMAT(/° INITIAL PARAMETERS: B="//(5E16,.8))
IF(IOUT.NE,O0) WRITE(16,110) (B(I),I=1,KPARMS)
IF(SP.GT.2) THEN ’

WRITE(6,112) (BH(I),I=1,KPARMS)

112 FORMAT(/° PARAMETER HIGHER BOUNDS: BH=‘//(SE16,.8))
IF(IOUT.NE.OQ) WRITE(16,112) (BH(I),I=1,KPARMS)
ENDIF
DO 120 I=31,KDIM
120 INDEX(I)=I

IF(IP.EQ.0) THEN
DO 130 I=1,KPARMS
"IF(SP.GT.2) THEN
CL(I)=BL(I)
CH(I)=SBH(I)
ENDIF
130 C(Il)=8(I)
ELSE

C

C REORDER B TO C WHEN IP>0 (AND BL,BH TO CL,CH, RESPECTIVELY)

c
IM=0
DO 150 I=1,KPARMS
DO 140 J=1,IP

IF(I.EQ.IB(J)) GO TO 150

140 CONTINUE
IM=INSL
CC(IM)=B(I)

IF(SP.GT.2) THEN
CLC(IM)=BL(I)
CH(IM)=BH(I)

ENDIF

INDEX(IM)=1

150 CONTINUE
WRITE(6,160) (1,I=1,KPARMS)

160 FORMAT(/° PARAMETER INDEX:°,2013)
IF(IOUT.NE.O0) WRITE(16,160) (I,I=1,KPARMS)
WRITE(6,170) (INDEX(I),I=i,KIP)

170 FORMAT(® REORDERED AS.s.2°,20I3)
IF(IOUT.NE.O) WRITE(16,170) (INDEX(I),I=1,KIP)
WRITE(6,180) (C(I),I=1,KIP)

180 FORMAT(/” REORDERED PARAMETERS:’//(S5E16.8))
IF(IOUT.NE.O) WRITE(16,180) (C(I),Is1,KIP)
ENDIF
c
C PERFORM INITIAL PARAMETER TRANSFORMS VIA SP (SCALEP)
C

IF(SP.EQ.0) GO TO 220
DO 210 I=1,KIP
GO TO (201,202,203,203),5P

201 CC(I)=ALOG(C(I1))
GO TO 210

202 CCI)=ASINH(C(I))
GO T0 210

203 TEM=3(C(I)=CL(I))/(CH(I)=CL(I))
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IF(SP.EQ.3) THEN 00017390
C(I)ZASIN(SQRT(TEM)) 00017400
ELSE 00017410
: C(I)SERFINV(2.08%TEM=1,0) 00017420
. ENDIF 00017430
210 CONTINUE 00017440
B 4 00017450
C INTERFACE WITH NL2ITR USING MARQRT FCODE AND PCODE (IF IDER=0) 00017433

(o 000174
; 220 ENCODE(6,222,CALLED) ICALL 00017480
7 222 FORMAT(I3,® *%°) 00017490
; “RITE(6,321) CALLED 000175G0
! 221 FORMAT(°0%s NLITR (IDER=0) OR NL2SNO (IDER=1) CALLED:”’,A6/) 00017510
b IF(IOYT.NE.O0) wRITE(16,221) CALLED 00017520
IF(IDER.EQ.0) THEN 00017530
CALL NLITR(NOBS,KIP,C,IV,V,CBOUND,FCODE,PCODE) 00017540
c ESSOSSSES SRS EXSSCESFSESEESSEBELESEETSSSEESSEBS 00017550
ELSE 00017560
CALL NL2SNO(NOBS,KIP,C,CALCR,IV,V,IDUMMY,CBOUND,FCQDE) 00017570
¢ SESESESSSETSLSESRSCESSSSATSSEESESSESESESSSRESTESEESEES 0001758¢C
ENDIF . 00017590
C 00017600
C GET INVERSE PARAMETER TRANSFORMATION OF SOLUTION VECTOR C 00017610
C 00017620
B . IF(SP.EQ.0) GO TGO 229 00017630
e | DG 228 I=1,KIP 00017640
. g GO TO (224,225,226,226),SP 00017650
224 C(I)=EXP(C(I)) 00017660
GO TO 228 00017670
228 C(I)Y=SINH(C(I)) 00017680
GO TO 228 00017690
226 TEM=CH(I)=CL(]) 00017700
IF(SP.EQ,3) THEN 00017710
C(I)=SCL(I)+TEMSSIN(C(I))®*2 00017720
ELSE 00017730
C(I)=CL(I)+0,S¢TEMS{1,0+ERF(C(I))) 00017740
i ENDIF 00017750
i 228  CONTINUE 00017760
i c 00017770
i € OUTPUT SELECTED RESULTS ON FOR006 (ALL RESULTS ON FORQO16 IF JOUTs1) 00017780
* o 00017790
: 229 IF(IOUT.NE.O.AND.IPRT.NE.O) THEN 00017600
i I=1 00017810
| 1 REWIND 16 00017820
230 READ(16,232,END=2240) LINE132 00087830
i P 232 FORMAT(A) 00017840
P o IF(I1.EQ.1) THEN 00017850
! (~ 00037860
g —‘}i C VAX FUNCTION ‘LIBSINDEX® USED TO DISTINGUISH FROM ARRAY °INDEX” 00017870
v C 00017880
ﬁ ! IF(LIBSINDEX(LINEL132,°CALLED:*//CALLED).EQ.0) GO TO 230 00017890
g 120 00017900
i GO TQ 230 00017910
L\ ENDIF 00017920
ﬁ ; IF(LIBSINDEX(LINEL32,°0BS.¥(1)°).NE.O) GO TO 236 000317930
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IF(LIBSINDEX(LINE132, “COVARIANCE = SCALE’).NE.0) GO TO 236 00017940

: CALL NONBLANK(LINE132,J) 00017950
! IF(J.LE.,0) GO TOD 230 00017960
: WRITE(6,234) LINEL32 00037970
234 FORMAT(A<JD) 00017980
GO T0 230 00017990

236 READ(16,232,END=240) LINE132 00018000
GO TO 236 00018010

ENDIF 00018020

240 IFCIOUT,NE.O0) WRITE(16,250) 00018030
250  FORMAT(/3X,°I°,4X,°0BS.Y(1)°,6X,"CAL",11X, RES®,8X, 00018040

1 “SRES.ERR”,6X,°X(I,1)°’,8X%, 00018050

2 “X(r,2)°,8X,°X(1,3)°,8X,"%X¢l,4)°,8X, WTC(I)*) 00018060
IF(IPRT.EQ.=2) WRITE(6,250) 00018070
SUMF2=0,.0 ’ 00018080
IF(IDER.NE.0) IADR=IV(S50)=1 00018090

DO 270 I=1,NOBS ’ 00018100
IF(IDER,EQG.0) THEN 00018110

F2=R(I) 00018120

ELSE 000186130
F2=V(IADR+1I) 00018140

ENDIF 00018150
RES=F2/SQWT(I) 00018160
CAL=Y(I)=RES 00018170
IF(CAL.NE.0.0) THEN 00018180
PERR=100,08RES/ABS(CAL) 0003108190

ELSE 00018200

PERR=0,0 00018210

- ENDIF 00018220
; WT=SQWT(I)*e2 00018230
! SUMF2=SUMF2+RES*$2 00018240
IF(IPRT.EQ.=2)WRITE(6,260) I,Y(I),CAL,RES,PERR, 00018250

1 (X(I,J),J=1,4),WT 00018260

260 FORMAT(1X,13,2€E14,.6,E12.3,6E14.6) 00018270
IF(IOUT.NE,0) WRITE(16,260) I,¥(I),CAL,RES,PERR, 00038280

. 1 (XCI,J),0=1,4),WT 00018290
. 270  CONTINUE 00018300
: IF(NOBS.EQ.KIP) THEN 00018310
RMSERR=20,.0 00018320

\ ELSE 00018330
: RMSERR=SQRT (SUMF2/ (NOBS=KIP)) 00018340
; ENDIF 00019350
i WRITE(6,280) RMSERR 00018360
i 280 FORMAT(/® ** RMSERR=’,E16.8) 00018370
1 IF(IOUT.NE.O) WRITE(16,280) RMSERR 00018380
IF(IV(26).LE.0) GO TO 380 00019390

c 00018400

C A COVARIANCE MATRIX WAS COMPUTED (GET ADDITIONAL STATISTICS) 00018410

< 00018420
TADR=IV(26) =1 00018430
IF(IPRT.LT.=1) WRITE(6,290) 00018440

290 FORMAT(/’ COVARIANCE MATRIX®) 00018450
DO 320 1=1,KIP 00018460

DO 300 J=i,I 00018470

300 W(J)=V(IADR+LOCCJ,I1)) 000108480
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310
320

SE(I)=SQRT(ABS(w(I)))
IF(IPRT, LT.~1) wRITE(6,310) INDEX(IL),(W(J),d=1,1)
FORMAT(1X,12,10E22,4/(3X,10€12.4))

CONTINUE

c
C GET CORRELATION COEFFICIENT MATRIX

C
330

340

350
c

IF(IOUT.NE.O) WRITE(16,330)
FORMAT(/° CORRELATION MATRIX®)
IFCIPRT,.LT.0) WRITE(6,330)
DO 350 I=i,KIP

IF(SE(I).EQ.0.0) THEN

W(I)=1.0

ENDIF
DO 340 J=1,I

IF(SE(J) «NE.0.0) W(JISV(IADR+LOC(J,1))/(SE(TI)SSE(J))
CONTINUE
IF(IOUT.NE.O) WRITE(16,310) INDEX(I),(w(J).Jd=1.1)
IFC(IPRT,LT.0) WRITE(6,310) INDEX(I),(w(J),d=1,1)
CONTINUE

C PRINT PARAMETER STANDARD ERRORS (SE) AND RELATIVE ERRORS

<

Jeo

370
c

C
3go
390

400

410
420

wRITE(6,360Q)

FORMAT(/® $SPARM,SOL. STD.ERROR REL.ERROR % ERROR s37/)

IF(IOUT,NE.O) WRITE(16,360)
DO 370 1=1,KIP

RELERR=0,0

IF(CC(I).NE.O0,0) RELERR3SE(I)/C(I)

PERR=2100,%RELERR

WRITE(6,310) INDEX(I),C(I),SE(I),RELERR,PERR

IF(IQUT,NE.O) WRITE(16,310) INDEX(Z),C(I),SE(I),RELERR,PERR
CONTINUE

C PUT SOLUTION C AND BFIX TOGETHER (IF IP>0)

DO 390 [=1,KIP

W(I)=C(I)

IF(IP.EQ,0) GO TO 420

In=0

DO 410 I31,KPARMS
W(I)=BFIX(I)

DO 400 J=1,IP
IF(1.£0.18(J)) GO TO 410

CONTINUE
INSIN+Y
W(I)=2C(INM)

CONTINUE

CALL SUBEND(Y,X,w,K,N,TITLE,IOUT)
SXSSSSETSSESLEESSSSSSUSEIENSISES

IF(ISTOP.NE.1) THEN
READ(S,10,ERRS9000,END=9010) TITLE
IFC(IALT.NE,S) REWIND IALT
ICALL=ICALL+1
GO 10 22
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% ENDIF 00019040
N 00019050
C*s RETURN FROM NLSOL 00019060
c 00019070
RETURN 00019080
9000 CALL ERRMSG(’ERR=9000 READING FOR005°,0,6,16) 00019090
9010 CALL ERRMSG(’PREMATURE E,O0.F (END=29010) READING FOR00S”,0,6,16) 00019100
9020 CALL ERRMSG(’END %9020 READING FOROOS5 IN (NAMELIST)®,0,6,16) 00019110
1 9030 CALL ERRMSG(’END=9030 READING FILE IALT”,0,6,16) 00019120
9040 CALL ERRMSG(’PREMATURE E.O.F (END=29040) READING FILE IALT”, 00019130
1 0,6,16) 00019140
c 00019150
Cesx END OF SUBROUTINE NLSOL 00019160
c 00039170
END 00039180
SUBROUTINE NLITR(N,KIP,C,IV,V,CBOUND,FCODE,PCODE) 00019190
c 00019200
C*®CALCULATES BOTH THE RESIDUAL VECTOR R(N) & ANALYTICAL JACOBIAN 00019210
C JAC(N,KIP) BY °REVERSE COMMUNICATION VIA INTERNAL CALL NU2ITR® 00019220
C (SEE REFi, P. 38), 00019230
c 00019240
c N = NO, OBSERVATIONS <3500 (SEE NDIM BELOW) 00019250
¢ KIP = NO, ADJUSTABLE PARAMETERS =K=IIP WHERE 00019260
c KSTOTAL PARAMETERS, IIP=NO, PARAMETERS HELD FIXED 00019270
c IN IIBCIIP) VIA COMMON/FIXDAT/ 00019280
c C() = 1/0 PARAMETER VECTOR (SUPPLIED BY NL2ITR) 00019290
c WHICH ARE THE UNCONSTRAINED PARAMETERS IN NL2ITR. 00019300
c IV() = SAME CONTROL INFORMATION SET BY NLSOL (OR NL2ITR). 00019310
I V() = SAME CONTROL INFORMATION SET BY NLSOL (OR NL2ITR). 00019320
i ¢ CBOUND = INPUT ARRAY OF LOW AND HIGH BOUNDS USED ONLY WHEN SP>2., 00019330
c FCODE = EXTERNAL FUNCTION NAME (SAME AS USED IN “MARQRT’ OR 00019340
c IMSLMQ® TO COMPUTE THE NONLINEAR OBJECTIVE FUNCTION). 00019350
} ¢ PCODE = EXTERNAL ANALYTIC DERIVATIVE NAME (SAME AS USED IN 00019360
c *MARGRT® WHEN IDER=0) CORRESPONDING TO EACH FCODE CALL. 00019370
, c 00019380
C**SEE REF1 (P,38) FOR MORE DETAILS ON CALLING NL2ITR. 00019390
} c 00019400
i C**®QTHER DATA IN COMMON/FIXDAT/ MUST BE PRESET. 00019410
‘ c 00019420
N 00019430
CS8855588555888885558$85555585585555585558558855555535885858555585588685500019440
CSs CHANGE THE FOLLOWING FORTRAN=77 PARAMETER STATEMENT ONLY IF 00019450
» Css INCREASING THE DEFAULT DIMENSIONS FOR NLSOL: 00019460
l PARAMETER (NDIM=S00,MDIM=S,KDIM=20) 00019470
, C$s WHERE NDIM=MAX.0BS., MDIM=MAX.INDEP.VARS., KDIM=MAX.UNKNOWN PARMS. 00019480
‘ Css DO NOT CHANGE THE FOLLOWING RELATED PARAMETER STATEMENTS 00019490
! PARAMETER (K1DIM=KDIM=1) 00019500
! CS$$5558885555855358655565555885365558356358565535585888885558558555558500019510
| - C 00019520
d INTEGER SP 00019530
. DIMENSION C(1),IV(1),V(1),CBOUND(1),PRNT(5),SQNT(NDIN), 00019540
l 1 BIP(KDIM),D(KDIM),R(NDIN),PART(KDIM),W(KDIN) 00019550
§ REAL®4 JAC(NDIM,KDIN) 00019560
| COMMON/FIXDAT/Y(NDIM),X(NDIM,MDIM),BFIX(KDIM),IIBC(KIDIM),IIP, 00019570
%-v 1 IDER,KPARMS,SP 00019580
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COMMON/BOUNDS/BL(KDIM) ,BH(KDINM)
COMMON/REVCOM/R
EQUIVALENCE (SQWT(1),X(i,MDIM))
DATA NN/NDIM/
c
C GET INVERSE PARAMETER TRANSFORMATION (C TO BIP)

C

10 CALL INTRAN(KIP,C,CBOUND,BIP)

c

C DETERMINE FROM IV(1) HOW TO CALL NL2ITR

Ivi=Iv(L)
DG 120 I=i,N
CALL FCODE(Y,X,BIP,PRNT,F,I,IDER)

c SASSREAAEERASEEISSFASSS LRSI REXXEES
IF(IVI.NE.2) R(I)=SOwT(L)*(Y(L)=F)
IF(IV1,EQ.1) GO TO 120
CALL PCODE(PART,X,BIP,PRNT,F,I,IIP,11IB)

¢ SEESXFSRESFAXSSESEEESSIIFXFEXSESETEISSS

C SCALE PART(J) VIA SP AND THE DERIVATIVE CHAIN=RULE.

IF(SP.EQ.,0) GO TO 80
IF(SP.,EQel) THEN
DO 31 K33,KPARMS
13 PART(K)Z8IP(K)$PART(K)
ELSE IF(SP.EQ.2) THEMN
DO §12 K=1,KPARNS
IF(PART(K).,EQ.0.0) GO TO 12
TEM=BIP(K)*SORT(BIP(K)##2+1,0)
PART(K)=20,58 (TEM+1,0/TEN)*PART(K)
12 CONTINUE
ELSE IF (SP.EG.3) THEN
00 13 K=1,KPARMS
IF(PART(K).EQ.0,0) GO TO 13
PART(K)®2,*PART(K) *SQRT((BIP(K)*BL(K]))*
1 (BN(K)*BIP(K)))
13 CONTINUE
ELSE IF(SP.EQ.4) THEN
DO 14 K=1,KPARMS
IF(PART(K).EQ.0,.0) GO TO 14
TEM=BH(K)=BL(K)
PART(K)=0,56418958%PART(K)STEMSEXP (=(ERFINV(2.8(BIP(K)=
1 BL(K))/TEM=1,))%%2)
14 CONTINUE
ENDIF
80 IFCIIP.EQ.O0) THEN
D0 90 J=1,KIP
90 JAC(I,J)3=5QWT(I)*PART(J)
ELSE
IM=0
DO 110 K=3,KPARMS
DO 100 Jsi,IIP
IF(K.EQ.IIB(J)Y GO T0 110
100 CONTINUE
INsIM+}
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] JAC(I,IM)==SQWT(I)*PART(K) 00020140

110 CONTINUE 00020150

k ENDIF 00020160

{ 120 CONTINUE 00020170

-4 ¢ 00020180

c 00020190

) CALL NL2ITR(D,IV,JAC,N,NN,KIP,R,V,C) 00020200

! C SEESXBEXPESXTSXS XS EXREEELLESELBES2S S 00020240

: IFCIV(1).EQ.1.0R.IV(1).£Q.2) GO TO 10 00020220

RETURN 00020230

END . 00020240

SUBROUTINE INTRAN(KIP,C,CBOUND,BIP) 00020250

c 00020260

C*$INVERSE PARAMETER TRANSFORMATION USED IN “NLSOL”,°NLITR’. 00020270

c 00020280

C CALCULATES CONSTRAINED PARAMETERS FOR FCODE OR PCODE BACK FROM THE 00020290

C UNCONSTRAINED PARAMETERS IN “NL2ITR® OR °NL2SNO’ 00020300

C 00020310

c KIP s NO, ADJUSTABLE PARAMETERS = K=IIP (IIP IN COMMON/FIXDAT) 00020320

c C() = INPUT UNCONSTRAINED VECTOR (DIM, KIP) 00020330

c CBOUND = INPUT CONSTRAINED BOUNDS, IF ANY, 00020340

c BIP() = OUTPUT CONSTRAINED VECTOR (DIM. KPARMS~=IN COMMON), 00020350

C 00020360
C888555855558$3$8535385555383553333538855385558335885385558588388885588500020370

C$$ CHANGE THE FOLLOWING FORTRAN=77 PARAMETER STATEMENT ONLY IF 00020380

C$s INCREASING THE OEFAULT DIMENSIONS FOR NLSOL: 00020390

PARAMETER (NDIM=500,MDIM2S,KDINZ20) 00020400

Css WHERE NDIM=MAX,0BS,, MDIMBMAX,INDEP.VARS., KDIM=MAX . UNKNOWN PARMS, 00020410

C$s DO NOT CHANGE THE FOLLOWING RELATED PARAMETER STATEMENT: 00020420

PARAMETER (K1DIMSKDIM=1) 00020430
C888883355558585888838635555588335885858853858558858585885588558558855$5500020440

c 00020450

) INTEGER SP 00020460
; DIMENSION C(1),CBOUND(1)},BIP(1),CTEM(KDIN) 00020470
; COMMON/FIXDAT/Y(NDIM),X(NDIM,MDIM),BFIX(KDIM),IIB(K1DIM),IIP, 00020480
; 1 IDER,KPARMS,SP 00020490
i . IF(SP.EQ.0) THEN 00020500
| ; DO 10 I=1,KIP 00020510
& i 10 CTEM(I)=C(I) 00020520
. ELSE 00020530
| DO S0 I=1,KIP 00020540
: GO TO (20,30,40,40),SP 00020550
20 CTEM(I)SEXP(C(I)) 00020560

GO TO 50 00020570

30 CTEM(I)=SINH(C(I)) 00020580

’ GO TO 50 00020590
; . 40 DIF=CBOUND(KDIM+I)~CBOUND(I) 00020600
! -~ - IF(SP.EQ.3) THEN ’ 00020610
: : CTEM(I)SCBOUND(I)+DIFSSINCC(I))®x2 00020620
! ELSE 00020630
g CTEM(I)=CBOUND(I)+0.5*DIF*(3,0¢ERF(C(I))) 00020640
: . ENDIF 00020650
| . 50 CONTINUE 00020660
! ] ! ENDIF 00020670

i . IF(IIP.EQ.0) THEN 00020680
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i
i
| DO 60 I=1,KIP 00020690
'e0 B8IP(I)=CTEM(I) V0020700
! ELSE 00020710
! IM=0 00020720
i DO 80 I=1,KPARMS ' 00020730
' BIP(I)=BFIX(1) 00020740
00 70 Js1,1IP 00020750
IF(I.EQ.IIB(J)) GO TO 80 00020760
70 CONTINUE 00020770
IMSIMe] 00020780
BIP(I)=CTEM(IN) 00020790
80 CONTINUE 00020800
ENDIF 60020810
RETURN 00020820
END 00020830
SUBROUTINE CALCR(N,KIP,C,NF,R,LASTNF,CBOUND,FCODE) 00020840
¢ 00020850
C*sCALCULATES RESIDUAL VECTOR R(N) FOR ’“NL2SNO® WHEN IDER=1, 00020860
< 00020870
c N = NO, OBSERVATIONS <2500 (SEE NDIM BELOW) 00020880
c KIP = NO, ADJUSTABLE PARAMETERS *K<IIP WHERE 00020390
C K=TOTAL PARAMETERS, IIP=NO, PARAMETERS HELD FIXED 00020900
¢ IN IIB(IIP) VIA COMMON/FIXDAT/ 00020910
c C() = INPUT PARAMETER VECTOR (SUPPLIED BY NL2SNO) 00020920
¢ WHICH ARE THE UNCONSTRAINED PARAMETERS IN NL2SNO, 00020930
< NF = INVOCATION COUNT (INPUT)FOR USE BY NL2SNO OR NL2SOL. 00020940
c R() = OUTPUT WEIGHTED RESIDUAL VECTOR (DImM, N) 00020950
c LASTNF = LAST NF (ON EXIT FOR POSSIBLE USE IN CALCJ OR NL2SOL), 00020960
C CBOUND = INPUT ARRAY OF LOW AND HIGH BOUNDS USED ONLY WHEN sp>2, 00020970
c FCODE = EXTERNAL FUNCTION NAME (SAME AS USED IN “MARQRT’ OR 00020980
c *IMSLMQ® TO COMPUTE THE NONLINEAR DOBJECTIVE FUNCTION), 00020990
c 00021000
C**OTHER DATA IN COMMON/FIXDAT/ MUST BE PRESET. 00021010
c 00021020
¢C 00021030
4 C$8558555585588853588838S38588585888583585558553383385555535583855538858585800021040
‘ (€88 CHANGE THE FOLLOWING FORTRANe77 PARAMETER STATEMENT ONLY IF 00021050
{ C€$$ INCREASING THE DEFAULT DIMENSIONS FOR NLSOLS 00021060
: PARAMETER (NDIM=500,MDIM=5,K0IM=20) 00021070
| ©$$ WHERE NDIM=MAX.08S,, MDIM=MAX.INDEP.VARS,, KDIM=MAX.UNKNOWN PARMS, 00021080
| €8S DO NOT CHANGE THE FOLLOWING RELATED PARAMETER STATEMENT: 00021090
PARAMETER (K1DIMa2KDIM=1) 00021100
| Cs8388358555885855888885558558885555855583333885838868833888355835558888800021110
{ ¢ : 00021120
INTEGER SP 00021130
DIMENSION CC1),R(1),CBOUNDCL),PRNT(S),SQnT(NDIN),BIP(KDIN) 00021140
Cg COMMON/FIXDAT/Y(NDIM),X(NDIM,MDIM),BFIX(KDIM),IIB(KIDIM),IIP, 00021150
' 1 1 IDER,KPARMS,SP 00021160
EQUIVALENCE (SQWTC1),X(1,MDIM)) 00021170
c 00021180
C GET INVERSE PARAMETER TRANSFORMATION (C TO BIP) 00021190
c 00021200
1 CALL INTRAN(KIP,C,CBOUND,BIP) 000231210
c 00021220
C COMPUTE RESIDUAL VECTOR R(N) USING B8IP IN FCODE 00021230
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i C 00021240
: DO 10 I=i,N 00021250
1 CALL FCODE(Y,X,BIP,PRNT,F,I,IDER) 00021260
C SEESESESESPEESESESESEEEESEELEEEESF 00021270

| R(I)=SQUT(I)¥#(Y(I)=F) 00021280
{10 CONTINUE . 00021290
| LASTNF=NF 00021300
! RETURN 00021310
1 END 00021320
! SUBROUTINE NONBLANK(C,NB) 00021330
!  Ce=DETERMINE WON=BLANK CHAR LENGTH (=NB ON EXIT) OF C%(%) 00021340
C NOTE THAT NB WILL BE IN (O0,LEN(C)I. ’ 00021350

c ] 00021360
CHARACTERS (%) C 00021370

L=SLEN(C) 00021380

D0 10 I=L,1,=1 00021390

NBSI 00021400

IFCCCIZI) NE.” °) RETURN 00021410

10 CONTINUE 00021420
NB=0 00021430

RETURN 00021440

END 00023450
SUBROUTINE PROCINFO(ABS.VALUES,INCR.VALUES) 00021460

c 00021470
C** SUBROUTINE TO OBTAIN ABSOLUTE AND INCREMENTAL VALUES OF PROCESS 00021460

C PARAMETERS: CPU TIME, BUFFERED 1/0 COUNT, DIRECT I/0 COUNT, AND 00021490

C  PAGE FAULTS. 00021500

C 00021510
IMPLICIT INTEGER®2(W),INTEGER®4(L) 00021520
PARAMETER (JPIS.CPUTIM = “00000407°X, 00021530

{ JPIS.BUFIO = “0000040C°X,JPIS.DIRIO 3 °00000408°X, 00021540

2 JPIS.PAGEFLTSE °0000040A°X) 00021550
INTEGER*4 ‘ABS.VALUES(4),INCR.VALUES(4),LCL.VALUES(4) 00021560
COMMON/ITEMLIST/ : 00021570

‘ 1 WLLEN1,W.CODE!,L.ADPDR},L.LENADDRY, 00021580
; 2 w.LEN2,W.CODE2,L.ADOR2,L.LENADDRZ, 00021590
3 W.LEN3,W.CODE3,L.ADDR3,L.LENADDR], 00021600

4 W.LEN4,W.CODE4,L.ADDR4,L.LENADDR4, 00021610

S W_LENS,W.CODES 00021620

DATA W.LEN1,W.LEN2,8.LEN3,W.LEN4,W.LEN5/S%4/ 00021630

DATA #.CODE1/JPIS.CPUTIMN/, 00021640

1 W.CODE2/JPIS.BUFIO/, 00021650

2 W.CODE3/JPIS.DIRIG/, 00021660

3 W.CODE4/JPIS.PAGEFLTS/, 00021670

4 W.CODES/0/ 00021680

. DATA L.LENADDR1,L.LENADDR2,L.LENADDR3,L.LENADDR4/4%0/ 00021690
L-ADDR13$LOCCLCL.VALUES(1)) 00021700
L-ADDR23%LOC(LCL.VALUES(2)) 00021710
L-ADDR32$LOC(LCL.VALUES(3)) 00021720
L-ADDR4=3$LOC(LCL.VALUES(4)) 00021730

C*s PERFORM THE SYSTEN SERVICE CALL 00021740
CALL SYSSGETJPI(,,,W.LEN1,,,) 00021750

C*% ASSIGN THE NEW VALUES TO THE ARGUMENTS 00021760
DO Is1,4 00021770

i INCRLVALUES(I)SLCL.VALUES(I)=ABS.VALUES(I) 00021780
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ABS_VALUES(1)=LCL.VALUES(I) 00021790

END DO 00021800

RETURN 00021610

END 00021820

REAL FUNCTION RFLAGS(N,FUN,TOL,TO,TM,T,NEwW) 00021830

C~=FOURIER TRANSFORM LAG CONVOLUTION & SPLINE INTERPOLATION 00021840

C GIVES FOURIER COSINE OR SINE TRANSFORMS VIA RLAGFO,RLAGF1 00021850

C REF: ANDERSON,1975,NTIS REPT., PB=242-800,P.76-87, 00021860

i c 00021870

c N = 0 FOR COSINE TRANSFORM (VIA RLAGFO) 00021880

c N = | FOR SINE TRANSFORM (VIA RLAGF1) 00021890

C  FUN = EXTERNAL REAL KERNEL FUNCTION. 00021900

C  TOL = TOLERANCE REQUESTED FOR RLAGFO OR RLAGF1 00021910

¢ TO 3 TMIN TO USE (E.G., LET TO=.S$TMIN, TMINITRUE) 00021920

¢ TM = TMAX TO USE (TM>T0) 00021930

c T = TRANSFORM PARAMETER (TOCST<STM) FOR THIS CALL (NEw=1 OR 0) 00021940

| C  NEW = 1 REQUIRED FOR 1ST CALL OR TO RESET SPLINE COEFFICIENTS, 00021950

C  NEW = 0 FOR ALL CALLS AFTER 1ST==USES SPLINE INTERPOLATION ONLY. 00021960

¢ : 00021970

REAL ARG(200),Y(200),AR(200),BR(200),CR(200), 00021980

& D(2),%1(200),42(200) 00021990

EXTERNAL FUN 00022000

DATA D/2%0,0/ 00022010

IF(NEW,EQ,0) GO TO 3 00022020

NTZAINT(S.®ALOG(TN/T0))+5 00022030

IF(NT.GT.200)CALL ERRMSG(’IN RFLAGS: NT>200  °,4,6,16) 00022040

NT1=NTet 00022050

X0ZALOG(TO)+,2¢NT 00022060

NU=1 00022070

i 00 i J=i,NT 0002208

I=NT1=y 00022090

X=3X0=.28J : 00022100

EXZEXP(X) 00022110

ARG (I)=EX ' 00022120

IF(N.EQ.0) ¥(I)SRLAGFO(X,FUN,TOL,L,NU)/EX 00022130

i IF(N.NE.O) Y(I)ZRLAGF1(X,FUN,TOL,L,NU)/EX 00022140

A 1 NU=0 00022150

CALL SPLINI(NT,0.0,ARG,Y,AR,BR,CR,0,D,W1,42) 00022160

; 2 IF(NT.LT.0) CALL ERRMSG(IN RFLAGS: NT<O AFTER SPLIN1 °*,6,6,16) 00022170

- ¢ 3 IF(T.LT.T0) CALL ERRMSG(“IN RFLAGS: T<T0’,3,6,16) 00022180

g ( IF(T.GT.TM) CALL ERRMSG(“IN RFLAGS: T>TM®,3,6,16) 00022190

| ; CALL SPOINT(NT,ARG,Y,AR,BR,CR,T,X) 00022200

1 ! RFLAGS=X 00022210

§ RETURN 00022220

i END 00022230

5 SUBROUTINE SPLIN1(M,H,X,Y,A,B8,C,IT,0,P,S) 00022240

; C--ONE DIMENSIONAL CUBIC SPLINE COEFFICIENT DETERMINATION, 00022250

) ¢ 00022260

: c 8Y Ww.L.ANDERSON, U.S. GEOLOGICAL SURVEY, DENVER, COLORADO 00022270

5 c 00022280

h C PARMS~== M3 NUMBER OF DATA POINTS .GT. 2 00022290

| c H= EQUAL INTERVAL OPTION WHEN H.GT.0, (USE DUMMY X HERE), 00022300

| c UNEQUAL INTERVALS IF Ha0, (X REQUIRED STORAGE) 00022310

] 1 ¢ X= INDEP,VAR WHEN H=0, (DIN .GE. M), 00022320

g ¢ Ya DEPENDENT VARIABLE (DIM .GE. ). 00022330
Ik
:
|
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. C A,8,C=COEFF.ARRAYS (EACH DIM ,GE, M) 00022340
A« RESULTS ARE RETURNED IN 1ST(M=1) ELEMENTS OF A,B,&C, 00022350

HE o ALSO USED AS WORK ARRAYS DURING EXECUTION, 00022360

v C ITs TYPE OF BQUNDARY CONDITION SUPPLIED IN D ARRAY, USE 00022370

i c IT=1 IF 1ST DERIVATIVES GIVEN AT END POINTS, OR 000223980

i C IT=0 IF 2ND DERIVATIVES GIVEN AT END POINTS. 00022390

- . ¢ D= BOUNDARY ARRAY (DIM 2) AT POINT 1 AND M RESPECTIVELY. 00022400

ioc P,S= WORK ARRAYS (EACH DIM=m), 00022410

C~=ERROR RETURN WITH M==(ABS(M)) IF ANY PARM OUT OF RANGE, 00022420

C THE RESULTING CUBIC SPLINE IS OF THE FORM: 00022430

o YSYC(I)eA(I)*(X=X(I))+B(I)*(X=X(L))*%24C(I)*(X=X(I))**3 00022440

(o FOR I=1'2'.-.'M-‘ 00022450

c 00022460

(o 00022470

REAL®4 X(1),Y(1),A(1),B(1),C(1),D(2),P(1),S5(1),MUL 00022480
IF(IT.LT.0.0R.IT.GT.1.,0R.H.LT.0..0R,M.LT,3) GO TQO 999 00022490

N=M=} 00022500

IF(IT.EQ.0) GO TO 20 00022510

C==1ST DERIVATIVE BOUNDARIES GIVEN 00022520

NE=Ne} 00022530

IFCH) 999,11,1 00022540

C-=EQUAL SPACING H .GT. 0. AND IT=1 00022550

1 HH=3.0/H 00022560

D0 2 I=1,NE 00022570

B(I)=4,0 00022580

C(1)=1,0 00022590

ACI)=1,0 00022600

2 P(I)=SHH*(Y(I+2)=Y(I)) 00022610

P(1)=P(1)=D(1) 00022620

P(NE)=P(NE)=D(2) 00022630

C==SOLUTION OF TRIDIAGONAL MATRIX EQ. OF ORDER NE 00022640

3 C(1)=C(1)/8B(1) 00022650

P(1)=P(1)/B(1) 00022660

DO 4 I=2,NE 00022670
MUL=1,0/(B(I)=A(I)®C(I~-1)) 00022680

C(I)=NULSC(I) 00022690

4 P(I)=MULS(P(I)=A(I)*P(I=1)) 00022700

C-=0BTAIN SPLINE COEFFICIENTS 00022710

, A(NE+IT)=P(NE) 00022720

' ISNE=1 00022730

y i S ACI+IT)I=ZP(I)=C(I)*A(I+IT+1) 00022740
1=1=1 00022750

1 IF(1.GE.1) GO TO § 00022760

IF(IT.EQ.0) GO TO 6 00022770

1 ACL1I=D(1) 00022780
: A(M)I=D(2) 00022790
: 6 IF(H.EQ.0.) GO TO 14 00022800
; HH=1,0/H 00022810
: DO 7 I=1,N 00022820
f MUL=HH® (Y(I+1)=Y(I)) 00022830
BCI)=HH*(3,0%MUL=C(ACI+1)+2,0%A(1))) 00022840

7 CCl1)SHH®HH® (=2, 08MUL+A(I+1)¢ACI)) 00022850

RETURN 00022860

C==UNEQUAL SPACING H=0,.,, AND IT=1 00022870

11 DO 12 I=1,N 00022880

T\ 4 paiasy ctoe My s T rwe it
A
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1

“+ 12 SC(I+1)=X(Ie1)=X(]) 00022890
i DO 13 I=i,NE 00022900
8(I)=2.0%(S(I¢e1)eS(I+2)) 00022910
C(1)=S(I+1) 00022920
ACL)=8(I+2) 00022930

13 PCI)=3,08(S(T¢1)8828(Y(I+2) oY (I+1))+S(I142)%028(Y(I+1)=Y(1)))/ 00022940

$ (S(I+1)eS5(I+2)) 00022950
P(1)=P(1)eS5(3)*0D(1) 00022960
P(NE)=P(NE)=S(N)*D(2) 00022970

GO TO 3 00022980

14 DO 15 Is=1,N 00022990
HH=1,0/S(I+1) 00023000
MULS(Y(I¢1)=Y(I))SHH®**2 00023010
B8CI)=3,08MULSC(ACTI+1)¢2,0%A(I))*HH 00023020

15 C(1)==2,08MULSHHe(A(TI+1)+A(T))PHHS*2 00023030
RETURN 00023040

Ce=2ND DERIVATIVE BOUNDARIES GIVEN 00023050
20 NE=N+} 00023060
IF(H) 999,31,21 00023070
C==EQUAL SPACING H ,GT, O AND IT=0 Q0023080
21 HH=3,0/H 00023090

DQ 22 I=2,N 00023100
B(1)=4.0 00023110
c(1)=1,0 . 00023120
A(I)=1.0 00023130

22 P(I)=HHS(Y(I+1)=Y(I=1)) 00023140
8(1)=2.0 00023150
BI(NE)=2,0 00023160
Cc(1)=1.0 00023170
C(NE)=1.0 00023180
A(NE)=1.0 00023190
PC(L)SHH®(Y(2)=Y(1))=0,5%H*D(Y) 00023200
P(NE)=HH*(Y(M)=Y(N))}+0.5¢*H*D(2) 00023210

GO TO 3 . 00023220
Ce=UNEQUAL SPACING H=0 AND IT=0 00023230
31 pO 32 1=3,N0 00023240

32 SUI+1)3X(I+1)=X(I) 00023250
N1=Ne} 00023260

. 00 33 I=i,N} 00923270
' B(I+1)=2,0%(S(I+1)+S5(I+2)) 00023280
: ClIel)nS(Iey) 00023290
ACI+1)=8(1¢2) 00023300

33 PCIed)=3,08(S(Ze1)0328(Y(I+2)=Y¥(Tel))eS(Le2)8528(Y(I+1)=Y(I)))/ 00023310

s (S(I+1)88(1+2)) 00023320

B8(1)=2,0 00023330
B(NE)=2.0 00023340
c(1)=1.0 00023350
C(NE)=1.0 00023360
A(NE)=1,0 00023370
P(1)=3,08(Y(2)«¥(1))/5(2)=0,5%sS(2)sD(1) 00023380
P(NE)=3.0%(Y(M)=Y(N))/S(M)+0.53S(M)*D(2) 00023390
GO TO 3 00023400
Hz=IABS (M) 00023410
RETURN 00023420
END . 00023430

APt s
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SUBROUTINE SPOINT(M,X,Y,A,B,C,XX,YY) 00023440
C==GIVEN CUBIC SPLINE COEFF’S A,B,C,AND M OBS.DATA ARRAYS X,Y 00023450

SPOINT EVALUATES THE PIECEWISE CUBIC SPLINE GORDINATE YY AT THE 00023460

ABSCISSA XX, WHERE XX IS IN THE CLOSED INTERVAL (X(1),X(M)). 00023470

NOTE: IF COMPUTING OVER EQUAL INTERVALS, USE THE SUBR “CUBIC’ 00023480

WHICH REQUIRES ONLY ONE CALL. 00023490

00023500

1B DIMENSION X(1),YC1),A(1),B(1),C(1) 00023510
4 IF(XXoLT.X(1).OR.XX.GT.X(M)) GO TO 9 00023520
' M1zMel 00023530
1 D0 1 I=1,M1 00023540
: J=1 00023550

: IF(XX.LE.X(I+1)) GO TO 2 00023560

y 1 CONTINUE 00023570

; 9 WRITE(6,60) XX,X(1),X(M) 00023580

: 60 FORMAT(’OERROR IN SPOINT CALL==XX=’,E16.8,° NOT IN CLOSED INTERVAL00023590
* (*,E16.8,°,°,E16.8,°)°) 00023600

RETURN 00023610

' 2 Z3XX=X(J) 00023620
YYSY(J)+((CCIISZ+BCI)I*Z+A(J))*2 00023630

1B RETURN 00023640
END 00023650

SUBROUTINE wARN(MSG,ISKIP,IUNIT1,IUNIT2,%) 00023660

c 00023670

C GENERAL WARNING MESSAGE OUTPUT AND RETURN 1 ON VAX=11/780 00023680

c 00023690

C MSG*(%) = VARIABLE=LENGTH °MESSAGE” 00023700

¢ ISKIP = 0 FOR NO BLANK LINE BEFORE OUTPUT TO IUNIT1 & IUNIT2 00023710

c > 0 FOR ONE BLANK LINE BEFORE. 00023720

C IUNIT! = O TO SUPPRESS DUTPUT ON IUNIT1 (>0 TO WRITE ON IUNIT1), 00023730

C IUNIT2 = 0 TO SUPPRESS OUTPUT ON IUNIT2 (>0 TO WRITE ON IUNIT2). 00023740

c 00023750

C MESSAGES ARE #RITTEN IN THE FORM: 00023760

c 00023770

C {(WARN}: _MSG.HERE. 00023780

c 00023790

CHARACTER®(%) MSG 00023800

] I=LEN(MSG) 00023810
00 1 J=1,2 00023820

» f IF(J,EQ.1) THEN 00023830
i | JUNIT=IUNIT1 00023840
‘ | ELSE 00023850
JUNITSIUNIT2 00023860

; , ENDIF 00023870
IF(JUNIT,GT.0) THEN 00023680

| ] IF(ISKIP.EQ.0) THEN 00023890
| o WRITE(JUNIT,2) MSG 00023900
] - ELSE 00023910
1 - WRITEC(JUNIT,3) MSG 00023920
i ENDIF 00023930
i ENDIF 00023940
| 1 CONTINUE 00023950
! RETURN 1 00023960
| 2 FORMAT(1X, {WARN}: *,A<I>) 00023970
| | 3 FORMAT(/1X, *{WARN)}: *,A<I>) 00023980
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END 00023990
COMPLEX FUNCTION ZHANKS(N,B,FUN,TOL,NF,NEw) 00024000
C (VAX=31/7980 VERSION FORTRAN=77 (X3.921978); SEE NOTE(2) BELQw.) 00024010

C2==533332 T2 S82222TIRTTISISIRNTTTSITSIIISRIITIII Iz =I T2z S28==25322200024020

C COMPLEX HANKEL TRANSFORMS OF ORDER 0 OR 1 FOR RELATED (SAVED) KERNELS00024030

C AND FIXED TRANSFORM ARGUMENT B.GT.O. 00024040
C 00024050
C==REF: ANDERSON, W.L., 1979, GEOPHYSICS, VOL. 44, NO, 7, P, 1287=130S5,. 00024060
c 00024070
C==SUBPROGRAM ZHANKS EVALUATES THE INTEGRAL FROM 0 TO INFINITY OF 00024080
C FUN(G)®JN(G*B)*DG, DEFINED AS THE COMPLEX HANKEL TRANSFORM OF 00024090
C ORDER N (=0 OR 1) AND TRANSFORM ARGUMENT B.GT.0. THE METHOD IS BY 00024100
C ADAPTIVE DIGITAL FILTERING OF THE COMPLEX KERNEL FUNCTION FUN, 00024110
C USING DIRECT AND/OR PREVIQUSLY SAVED KERNEL FUNCTION VALUES. 00024120
C 00024130
C==PARAMETERS (ALL INPUT, EXCEPT NF) 00024140
00024150

N = ORDER (30 OR 1) OF THE HANKEL TRANSFORM TO BE EVALUATED. 00024160

8 = REAL TRANSFORM ARGUMENT B,.GT.0.0 OF THE HANKEL TRANSFORM, 00024170

IF NEW=0, B IS ASSUMED EQUAL TO THE LAST B USED WHEN NEW=100024180

(SEE PARAMETER NEW4 AND SUBPROGRAM USAGE BELOw). 00024190

FUNCG)= EXTERNAL DECLARED COMPLEX FUNCTION NAME (USER SUPPLIED) 00024200
OF A REAL ARGUMENT G.GT.0., THIS REFERENCE MUST BE SUPPLIED00024210
EVEN WHEN NEW20, SINCE THE ADAPTIVE CONVOLUTION 00024220
MAY NEED SOME DIRECT FUNCTION CALLS (E.G, IF TOL REDUCED).00024230
IF PARAMETERS OTHER THAN G ARE REQUIRED IN FUN, USE COMMONQ0024240
IN THE CALLING PROGRAM AND IN SUBPROGRAM FUN, BOTH 00024250
REAL AND IMAGINARY PARTS OF THE COMPLEX FUNCTION FUN(G) 00024260
MUST BE CONTINUOUS BQUNDED FUNCTIONS FOR G,GT.0.0, FOR A 00024270
REAL FUNCTION F1(G), FUNSCMPLX(F1(G),0,0) MAY BE USED. 00024280
TW0O INDEPENOENT REAL<FUNCTIONS F1(G),F2(G) MAY BE 00024290
INTEGRATED IN PARALLEL BY WRITING FUNSCMPLX(F1(G),F2(G)). 00024300
TOL = REQUESTED REAL TRUNCATION TOLERANCE ACCEPTED AT THE FILTER00024310
TAILS FOR ADAPTIVE FILTERING. A TRUNCATION CRITERION IS 00024320
DEFINED DURING CONVOLUTION IN A FIXED ABSCISSA RANGE AS 00024330
THE MAX, ABSOLUTE CONVOLVED PRODUCT TIMES TOL. TYPICALLY,00024340
TOL.LE.0,00001 WwOULD GIVE ABOUT ,01 PER CENT ACCURACY 00024350
FOR WELL=BEHAVED KERNELS AND MODERATE VALUES OF B. FOR 00024360
VERY LARGE OR SMALL B, A VERY SMALL TOL SHOULD BE USED. 00024370
IN GENERAL, DECREASING THE TOLERANCE wOULD PRODUCE HIGHER 00024380
ACCURACY IN THE CONVOLUTION SINCE MORE FILTER WEIGHTS ARE 00024390

USED (UNLESS EXPONENT UNDERFLOWS OCCUR IN THE KERNEL 00024400
EVALUATION == SEE NOTE (3) BELOW). 00024410
FOR MAXIMUM ACCURACY POSSIBLE, TOL=0,0 MAY BE USED. 00024420
NE = TOTAL NUMBER OF DIRECT FUN CALLS USED DURING CONVOLUTION 00024430
FOR ANY VALUE OF NEW (NF IS AN OUTPUT PARAMETER), 00024440
NF IS IN THE RANGE 21,LE,NF.LE.293 WHEN NEwWw=1, USUALLY, 00024450
"NF IS MUCH LESS THAN 283 (OR 0) WHEN NEWs0, 00024460
NEW =1 IS REGUIRED FOR THE VERY FIRST CALL TO ZHANKS, OR JIF 00024470
FORCING DIRECT FUNCTION FUN(G) CALLS, E.G., IF USING 00024480
ZHANKS FOR UNRELATED KERNELS. 00024490

NEW=] INITIALIZES COMMON/SAVE/FSAVE(283),GSAVE(283) ,NSAVE 00024500
FOR NSAVE COMPLEX KERNEL VALUES IN FSAVE AND CORRESPONDING00024510
REAL ARGUMENTS IN GSAVE FOR THE GIVEN PARAMETER B. 00024520
NEW 320 TO USE RELATED KERNELS (MODIFIED BY USER) CURRENTLY STORED00024530

NOAANNNAOAOANKNANANONAONONNNONONMNOOANNNNNANNNN
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C IN COMMON/SAVE/. FUN IS CALLED ONLY IF REQUIRED 00024540
(o DURING THE CONVOLUTION, ADDITIONAL FUNCTION VALUES WHEN 00024550
(o NEEDED ARE AUTOMATICALLY ADDED TO THE COMMON/SAVE/ BLOCK. 00024560
C 00024570
C *¥x3x6x3% NOTE THAT IT IS THE USERS RESPONSIBILITY TO MODIFY THE 00024580
o COMMON FSAVE() VALUES FOR NEWs0 CALLS, EXTERNALLY IN 00024590
Cc THE USERS CALLING PROGRAM (SEE SUBPROGRAM USAGE BELGOW), 00024600
c 00024610
CEzsss==sss=ssSssSSSS S s s ces S sSsI s s ss eI s eSS I nssEssssss=s==s2s2323000246290
C=«SUBPROGRAM USAGE== ZHANKS IS CALLED AS FOLLOWS 00024630
c ace 00024640
C COMPLEX 21,Z2,ZHANKS,FSAVE 00024650
(of COMMON/SAVE/FSAVE(283) ,GSAVE(283) ,NSAVE 00024660
C EXTERNAL ZF1,2F2 00024670
c cee 00024680
c Z1=ZHANKS(N1,B,ZFY,TOL,NF3,1) 00024699
c DO 1 I=1,NSAVE 00024700
C C==MODIFY FSAVE IN COMMON/SAVE/ TO OBTAIN RELATED ZF2 FRGM ZF1, 00024710
C Ce==E,.G., FSAVE(I)3SGSAVE(I)®FSAVE(I) == FOR RELATION ZF2(G)=G*ZF1(G) 00024720
(o § CONTINUE ' 00024730
(o 22=ZHANKS(N2,B8,2F2,TOL,NF2,0) 00024740
C coe 00024750
C END 00024760
(o COMPLEX FUNCTION 2Z2F1(G) 00024770
C «e+USER SUPPLIED CODE FOR DIRECT EVALUATION OF ZF1(G), G.GT.O0. 00024780
c END 00024790
C COMPLEX FUNCTION ZF2(G) 00024800
c «e«USER SUPPLJIED CODE FOR DIRECT EVALUATION OF ZF2(G), G.GT.0. 00024810
C END 00024820
Czzszs=z32=z3z s S sS SIS S IS SSESSSISISss=zeI=zzs=zs==ze==2=223500024830
C==NOTES 00024840
c (1). EXP=UNDERFLOw MAY OCCUR IN EXECUTING THIS SUBPROGRAM, 00024850
c THIS IS OK PROVIDED THE MACHINE SYSTEM CONDITIONALLY SEIS 00024860
c EXP-UNDERFLOW TO 0,0, 00024870
C (2). ANSI FORTRAN (AMERICAN STANDARD X3,9-1966) IS USED, EXCEPT00024880
Cc DATA STATEMENTS MAY NEED TO BE CHANGED FOR SOME COMPILERS,.00024890
(o TO CONVERT ZHANKS TO THE NEW AMERICAN STANDARD FORTRAN 00024900
c (X3,9-1978), ADD THE FOLLOWING DECLARATIOGN TO THIS ROUTINE00024910
c SAVE Y1,ISAVE 00024920
C (3). THE FILTER ABSCISSA CORRESPONDING TO EACH FILTER WEIGHT 00024930
(o IS GENERATED IN DOUBLE-PRECISION (TO REDUCE ROUND=OFF), 00024940
C BUT IS USED IN SINGLE=-PRECISION IN FUNCTION FUN, 00024950
(o (4). NO CHECKS ARE MADE ON CALLING PARAMETERS (TO SAVE TIME), 00024960
c HENCE UNPREDICTABLE RESULTS COULD OCCUR IF ZHANKS 00024970
(o IS CALLED INCORRECTLY (OR IF FUN OR COMMON IS IN ERROR), 00024980
Cezzzzs oSSR SSes2 s IRsEsSES TS SssSsaII=gsIsassIssssasszsssa=ee22200024990
Cc 00025000
SAVE Y1,ISAVE 00025010
COMPLEX FUN,C,CMAX,FSAVE 00025020
COMMON/SAVE/FSAVE(283),GSAVE(283) ,NSAVE 00025030
DOUBLE PRECISION E,ER,Y1,Y 00025040
DIMENSION T(2),TMAX(2) 00025050
DIMENSION WTO(283),WA0(76),WB0(76),WC0(76),WD0(55), 00025060

¥ WT1(283),wA1(76),WB1(76),NC1(76),WDL1(S5S) 00025070

EOUIV}DENCE (WTO(1),wA0C1)),(WTPO(T7),WB0(1)),(WTO(153),WCO0(1)), 00025080
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s (WT0(229),wD0(1)),(wWT1(1),wA1(1)),(wTL(77),4B1(1)),
s (WT1(153),4C1(1)),(WT1(229),401(3))
EQUIVALENCE (C,T(1)),(CMAX,TMAX(1))

Cowee=E3DEXP(,200), ER®1,0D0/E

DATA £/1.221402750160169834 D0/,ER/,818730753077981859 DO/

DATA wAO/
s 2,1969101E=11,
$27,9821627E=09,
s«1,0207%46E=08,
s=1,2709789E-08,
8=1,5807160€-08,
$1,9650840E-08,
$=2.4407377E=08,
%=3,0266804E-08,
$=3,7425022E-09,
$=4.6035233E-08,
$=5.6086570E=08,
$26.7117043E-08,
$=7,7553611E%08,
2-9.3217217€-08,
$+7,3963141E-08,
$=2.6163525£-08,
* 1,1407365€-07,
* 4.6831433E=07,
* 1.3091334€-06,
DATA B0/
3,2456774E=06,
7.6367633E=06,
1.7510398€E~05,
3.9610390E<05,
9.8951409E-05,
1.9895671E=04,
4.4402013E-04,
9.8971624E=04,
2.2045122€-03,
4.9080203E=03,
1.0919448E=02,
2.4233627E=02,
5.3150319€-02,
1.0980561E=01,
1.6058576E=01,

L2 3R B B B BN BE B B IR BN BN SN SN J

C+eJO=TRANSFORM FILTER WEIGHT ARRAYS (EQUIVALENT TO0

4.1201161E-09,-6,1322980€~09,
8.5778983E-09,~9,.1157294E-09,
1.0796633E~08,~1,1393033E-08,
1.3446466€-08,-1,4174300E-08,
1.6747136E-08,-1.7625961E-08,
2.0869799g~08,-2,1903555E-08,
2.6033678€E-08,-2,7186773E=08,
3,2534033E~08,-3,3672072E=08,
4.0787921E-08,-4.1543242E-08,
5.1425075E-08,=5.0893896E-08,
6.5475248E-08,-6,1539913E=08,
8,4767837E=08,-7,2583120€=08,
1,1279873E~07,-8,1416723E-08,
1.5663185E-07,-6,1482581E-08,
2.3109673E~07,-5.7243707E-08,

3,6808773E=-07,
6.3720626E=07,
1,1916346E-06,
2.3701475€-06,

4.9240402E-06,
1.0522038E=0S5,
2.2873836E=05,
5.0230379E-05,
‘.109‘809E-°"
2.4587195E-04,
5.4589361E-04,
1.2132772E-03,
2,6980811E-03,
6.0010999€-03,
1.3340696E-02,
2.9555699E-02,
6,4341372E-02,
1.2791555E-01%,
1.4196085E-01,

$+3,5083434E-01,-2,9059573E-01,

s 3,8273717E~08,

2.2014116E-01,

2,.7049871E-08,
2.9241961E~07,
8,0099716E=07,
2.,0803829E-06,

5.0005198E=06,
1.1590021E=-0S,
2.6368006E~05,
$.9397373E-05,
1.3308026E-04,
2.9728181E«04,
6,6298832E-04,
1.4772052E=03,
3.2895354E-03,
7.3216878E-013,
1.6276399€E-02,
3.5990069€-02,
7.7506720€=02,
1.45250830€E-01,

WTO ARRAY)

7.2479291E-09,
9.6615250E=09,
1.2049873E-08,
1,5005577E=08,
1.8693427E-08,
2.3305308E~08,
2,9094334E~08,
3.6408936£~08,
4.5756842E-08,
$.7934897E=08,
7.4303996E=08,
9.7366568E=-08,
1.3206914E=-07,
1.8860593g=07,
2.8867452E-07,
4.7932617€~07,
8.6373487E=07,
1.6696015€E~06,
3,4012978E~-0Q6/

7.1783540E<06,
1.5488635E=05,
3.3864387€E-05,
7.4612122E-0S,
1.6511338€-04,
3.6629770E=04,
8.,13753468E=04,
1.,8092022€-03,
4.0238764E=03,
8.9489225E~-03,
1.9873311E=02,
4,3791529€=-02,
9.2749987E=-02,
1.5820085€=01,

¢ §,3039527E-02,+1,1909845E=01,

L 3

® 8 N aasaaea

4.0703241£-02,-2.4358316E-02,
DATA WCO/
5.1597053€-03,-3.1074602E-03,
7.0004347E-04,-4.2904226E-04,
9.9891279£-05,-6.1589037E-05,
1,4479572E-05,-8,9417427E-06,
2,1074103E=06,-1.3019229€E-06,
3.0702417E=07,-1,08969219E~-07,
4,4740283E~08,+2.7643004E=08,
6.5200311£-09,-4,0284597E-09,

§.9781222€E-02,-1,.02308278E-02,
«2,9105437€E=01,-3,7973244E=-02,
*4,7342635€-08, 1,9331133E=-03,

9.9317051E-02,-6,6152628E~02,

1.,4476533E-02,-8,6198067E=03/

1,8822342€E-03,+«1,.1456545€E~03,
2.6354444E-04,~1,6215439E=04,
3.7996921E~05,-2,3452250€=05,
$.5227518€=06,+3,4114252€E=06,
8,0433617E-07,-4,9693681E=07,
1.1720069€~07,-7.2412496E~08,
1.7079403€=-08,~1,0552634E-08,
2,4890232E-09,+1,5378695E-09,
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* 9,5019040€-10,-5,8708696£-30, 3,.6273937E~10,-2.2412348E-10, 00025640
¥ §,3847792E-10,-8,5560821E-11, S.2865474E-11,-3,2664392E-11, 00025650
* 2,0182948E-11,-1.2470979E=11, 7.7057678E~12,~4,7611713E~12, 00025660
$ 2.9415274£-12,~1,68170081E=12, 1,1221034E~12,-6.9271067E~13, 00025670
¥ 4,2739744E-13,~2,6344388E-13, 1,619710SE-13,-9,9147443E~14, 00025680
$ 6,0487998E-14,-3,6973097E=14, 2.,2817964E-14,-1,4315547E~14, 00025690
$ 9,1574735E«15,-5,9567236E=15, 3.9209969E=15,-2.5911739E=-15, 00025700
* 1,6406939E~15,-8,8248590E-16, 3.0195409E-16, 2.2622634E-17, 00025710
$=9,0942556E=17,-3,7172363E=-17, 1.9299542E-16,-3,3388160E~16, 00025720
$ 4,6174116E~16,5.8627358E=16, 7.2227767E=16,-8,7972941E~-16, 00025730
% 1,0211793€E~15,-1.0940039E~15, 1.0789555E~15,-9,.7089714E-16/ 00025740
DATA WDQ/ 00025750
® 7.4110927€-16,-4.1700094E~16, 8.5977184E~17, 1.3396469E=16, 00025760
¥=1,7838410E-36, 4.8975421E~17, 1.9398153E-16,~5,0046989E~16, 00025770
% 8,3200985E-16,~1.1544640E=15, 1,.4401527E-15,~1.6637066E=15, 00025780
$ 1.7777129E=15,-1.7322187E=-15, 1.5247247€E=15,-1,1771155E~15, 00025790
! $ 6,9747910E-16,~1,2088956E-16,~4,8382957E~16, 1,0408292E-15, 00025800
) $=1,5220450E-15, 1.9541597E~15,-2.4107448E-15, 2,9241438€E~15, 00025810
823 ,5176475E=15, 4.2276125E=15,~5,0977851E~15, 6.1428456E~15, 00025820
$=7,3949962E-15, 9.,8597601E~-15,-1,0515959E~14, 1,2264584E~14, 00025830
' *=1,3949870E-14, 1.5332490E-14,~1.6146782E~-14, 1.6084121E~14, 00025840
%=1 ,4962523E-14, 1.27940804E-14,-9.9286701E-15, 6.882%5809€E~15, 00025850
: - $24,0056107E=15, 1.,5965079E=15,«7,2732961E-18,-4,0433218E~16, 00025860
¥=6,5679655E~16, 3.3011866E=-15,-7,3545910E-15, 1.2394851€E~134, 00025870
*¥w],7947697E~14, 2.3774303E~14,-3,0279168BE~14, 3,9252831E~14, 00025880
$=5,5510504E-14, 9.,0505371E~14,~1,.7064873E-13/ 00025890
C==END OF JO FILTER wEIGHTS 00025900
C 00025910
Ce=J1«TRANSFORM FILTER WEIGHT ARRAYS (EQUIVALENT TO WT! ARRAY) 00025920
Q DATA wAl/ 00025930
$=4,21297158=16, 5,3667031E=15,~7,1183962E~15, 8.9478500€E~15, 00025940
3-1,0767891E=-14, 1.2362265E-14,~1.3371129E~14, 1.3284178BE~14, 00025950
$=1,1714302E-14, 8,4134738E-15,-3,7726725E~15,-1,.4263879E~15, 00025960
. X 6,1279163E-15,-9.1102765E=15, 9.9696405E=15,-9,3649955E~15, 00025970
| . * 8.6009018E~15,~8,9749846E~15, 1,1153987E~14,-1,4914821E~14, 00025980
: $ 1,9314024E-14,~2,3172388E=14, 2.5605477E-14,-2,6217555E~14, 00025990
¥ 2,5057768€~14,-2,2485539E-14, 1.9022752E-14,-1.5198084E~14, 00026000
. * 1.1422464E~14,-7.9323958E~-15, 4.8421406E~15,-2,1875032€E~15, 00026010
! $=3,2177842E~17, 1.8637569E=-15,-3,3683643E-15, 4.6132219E-15, 00026020
: *«5,6209538E~15, 6.4192041E-15,~6.8959928E~15, 6.9895792E~15, 00026030
; $26,5355935E-15, S5.6125163E~15,-4,1453931E-15, 2,6358827E~15, 00026040
_ $=9,5104370E-16, 1.,4600474E~16, 5.6166S19E=-16, 8,2899246E~17, 00026050
: * 5,0032100E=346, 4.3752205E=16, 2.1052293E~15,-9.5451973E~16, 00026060
: * 6,4004437E-15,-2,1926177E=-1S, 1.1651003E~-14, 5,8415433E~16, 00026070
) ¥ 1.,80446649E~14, 1.0755745E~14, 3.0159022E~14, 3,3506138E~14, 00026080
| ¥ $,8709354E~14, 6.1475200E-14, 1.2530006E~13, 1,8519112E-13, 00026090
g * 2.,7641786E=13, 4.1330823E-13, 6.1506209E~13, 9.1921659E~-13, 00026100
1 * 1,3698462E~12, 2.0447427E-12, 3.0494477E~12, 4.5501001E~12, 00026110
1. % 6,78702%0E-12, 1,0126237E~11, 1.5104976E=-11, 2,2536053E~§1/ 00026120
3 DATA wBt/ 00026130
q : % 3,3617368E~4{1, 5.0153839E~-11, 7.4818173E~-11, 1.1161804E~10, 00026140
i & 1,6651222E~-10, 2,.4840923E~10, 3.7058109E-10, $5.5284353E-10, 00026150
| $ 8,2474468E-10, 1.2303750E-09, 1,.,8355034E~09, 2.7382502E=-09, 00026160
4 % 4,0849867E-09, 6.0940898E-09, 9.0913020E~09, 1,3562651E~-08, 00026170
i $ 2.0233058E-08, 3.0184244E~08, ¢.5029477E-08, 6.7176304E~08, 00026180
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1.0021488E=07,
4.9636623£-07,
2.4585014€-06,
1.2176782E=05,
6,0307294E-0S,
2,9860417E-04,
1.4767050E=013,
7.2596813E-03,
3,4695327€-02,
1.4207357€-03,
2.0334626E~-01,
$=-1,8280529E~-01,

% % % 8 % %% %E RS

1,4950371E-07,
7.4049804E-07,
3.6677163E~-06,
1.8166179E=-0S,
8,9971508£~-08,
2.2016806£-03,
1.0788355E-02,
$,0608141E-02,
1.8621315€-01,

2.2303208E=07, 3,3272689E-07,

1.10460805€-06,
$.4714550E=06,
2.7099223E-05,
1,3420195E~04,
6,6423156E-04,
3.2786147€E-03,
1.5973323€-02,
7.2827752€-02,

1,6480103E-06,
8,1626422E=06,
4.0428804E~05,
2,0021123€-04,
9.9073275€~04,
4.8837292E-03,
2.3612041E~-02,
1,0337889E=-01,

2,2996813%E-01, 2.5088S00E-0Y,

6,0665453E-02,-2,0275683€E~01,-3.5772336E-01,
4.7034634E01, 7,2991233E-03,-3,0614594E~01,

* 2.4781735E~01,-1.11491085£-01, 2,5985386E-02,

$=2,2830217E=-02,
DATA #C31/

$=1,7488968E-02,
$=9,6138436E£-03,
¥=5,34820S5E-03,
$=2,9883670E-03,
$=] ,6709583E£-03,
¥e9,3441130E=04,
¥=5,2253532E-04,
¥=2,9220916E-04,
*=1_,63407%3E=04,
$=9_1379828E=05,
$=5,1100905E-05,
¥e2,.8576356E-0S,
*=]1,5980307E=05,
$=8,9364160E-06,
*«4,9973715E-06,
*=2,7946015E-06,
$w) ,5627813E~06,
*=8,7392952E-07,
$-4,.8871388E=07,
DATA WD1/

$=2,7329579E-07,
$=1,5283091E-07,
%=8,5465227E~08,
*=4,7793376E=09,
¥=2,6726739E=08,
=] ,4945974E-08,
¥=8.,3580023E~09,
¥+4,6739154E=09,
$22.6137226E-09,
¥~1.4616324E-09,
*=8,1736202E~10,
$«4,5707937E-10,
$=2,5560176E-10,
$=1,4294012E~10,

2,4644647E-02,-2,2895284E-02,

1.5057670E-02,~1.2953923E-02,
8,2952090E-03,-7.1628361E-03,
4.,6232056E-03,-3,.9970542E~03,
2,5840861E-03,-2,2345428E-0),
1,4449655E=03,~1,2495408E~03,
8.,0803899E~04,-6,9875784E=04,
4.5186652E~04,~3,90795515E-04,
2.5269019€%04,-2,1851585€E-04,
1.4130796€=-04,-1.2219719E~04,
7.9021432E-05,-6,8334412E~05,
4.4189914€E-05,-3,8213500E-05,
2,4711631E-05,~2,1369580£-05,
1,3819097€E~05,-1,1950174E=05,
7.7278366E=06,-6.6827083E=06,
4.3215167E=06,-3.7370660E=06,
2.4166539E-06,~2,0698207E~06,
1.3514274E«06,~1,1686576E=06,

1,0850279€-02,
2,0197032E=-02/

1.1153254E-02,
6.1882910E=03,
3.4560118E-03,
1.9323046E-03,
1.0805480E=03,
6.0425624E~04,
3.3790861E=-04,
1.8896332E-04,
1.0567099€-04,
5.9092726E=05,
3,3045496E-05,
1.8479514E=05,
1.0334008E-05,
5.7789251E+06,
3.2316575E-06,
1.8071890E-06,
1.0106059E=06,

7.5573750E=07,-6.5353002E-07, 5.6514528E~07,
4,2261921E<07,=-3,6846333E~-07, 3.1603732E~-07/

2.3633470E-07,-2,0437231E~07, 1.7673258E~07,
1.3216174E-07,-1,1420792E-07, 9,.80€31386E-08,
7.3906734E~08,-6,3911437E-08, 5.5267923E-08,
4,1329702E~08,-3,5740189E-08, 3,0906612E=08,

2,311216Q0E-008,~-1.9966424E~08,
1.2924650E~08,~1,1176694E~08,
7.2276490E«09,-6,2501673E=09,
4.,0418061E=09,=3,4951847E=09,
2,2602382€E-09,~1,9945596E-~09,

1.7283419€E-08,
9.6651347E=-09,
$.4048822E-09,
3.0224895E~09,
1.6902214E~09,

1.2639577E-09,-1.0930164E=09, 9.4519327E~10,
7.0681930E~10,+6,1122713E~10, 5.2856342€E~10,
3.9526267E210,-3,4180569E=10, 2,.9557785E~10,
2,2103233E=-10,-1,.9113891E~10, 1.6520994E~10,
1.2361991E~10,+8,2740936E~11/

Ce=END OF J1 FILTER WEIGHTS

C

NONE=0

IF(NEW.EQ.0) GO TO

NSAVE=0

100

Co==ceINITIALIZE KERNEL ABSCISSA GENERATION FOR GIVEN B
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00026190
00026200
00026210
00026220
00026230
00026240
00026250
00026260
00026270
00026280
00026290
00026300
00026310
00026320
00026330
00026340
00026350
00026360
00026370
00026380
00026390
00026400
00026410
00026420
00026430
00026440
00026450
00026460
00026470
00026480
00026490
00026500
00026510
00026520
00026530
00026540
00026550
00026560
00026570
00026580
00026590
00026600
00026610
00026620
00026630
00026640
00026650
00026660
00026670
00026680
00026690
00026700
00026710
00026720
00026730
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, ¥130,7358852661479794460D0/DBLE(B) 00026740
100 ZHANKS=(0,0,0.0) 00026750
CMAX=(0.0,0.0) 00026760
NF=0 00026770
Y=Y1 00026780
Ceeee«BEGIN RIGHT<SIDE CONVOLUTION AT WEIGHT 131 (EITHER NEw=1 OR 0) 00026790
ASSIGN 110 TO M 00026800
I=131 00026810
Y=YSE 00026820
GO TO 200 00026330
110 TMAX(1)=AMAX1(ABS(T(1)),TMAX(1)) 00026840
TMAXC2)=AMAX1 (ABSC(T(2)),TMAX(2)) 00026450
I=1+1 ) 00026860
YSY®E 00026870
: IFC(I.LE,149) GO TO 200 00026880
J IF(TMAX(1),EQ,0,0,AND.TMAX(2).£EQ.0,0) NONE=1 00026890
CoeewwESTABLISH TRUNCATION CRITERION (CMAX=CMPLX(CTMAX(1),TMAX(2)) 00026900
CMAX=TOL®CMAX 00026910
ASSIGN 120 TO M 00026920
GO TO 200 00026930
C-weeesCHECK FOR FILTER TRUNCATION AT RIGHT END 00026940
120 IF(ABS(T(1)).LE.TMAX(1),AND.ABS(T(2)).LE.TNAX(2)) GO TO 130 00026950
; I=1+1 00026960
Y=Y*E 00026970
IF(1.LE,.283) GO TO 200 00026980
130 Y=Yt 00026990
CeewesCONTINUE WITH LEFT-SIDE CONVOLUTION AT WEIGHT 130 00027000
ASSIGN 140 TO N 00027010
I1=130 - 00027020
: GO TO 200 00027030
Cwew~=CHECK FOR FILTER TRUNCATION AT LEFY END 00027040
140 IF(ABS(T(1)).LE,TMAX(1),AND,ABS(T(2)).LE.TMAX(2),AND, 00027050
* NONE.EQ,0) GO TO 190 00027060
I=Ile1 00027070
YSY®ER 00027080
IF(I1.GT.0) GO TO 200 00027090
CeeeesRETURN WITH ISAVE=1 PRESET FOR POSSIBLE NEw=0 USE, 00027100
, 190 ISAVE=1 00027110
| Cew-==NORMALIZE BY B TO ACCOUNT FOR INTEGRATION RANGE CHANGE 00027120
| ZHANKS=ZHANKS/B 00027130
; RETURN 00027140
{ Cewwe=SAVE/RETRIEVE PSEUDO=SUBROUTINE (CALL FUN ONLY WHEN NECESSARY) 00027150
200 G=SNGL(Y) 00027160
IF(NEW) 300,210,300 00027170
210 IF(ISAVE,.GT.NSAVE) GO TO 300 00027180
ISAVEO=ISAVE 00027190
220 IF(G.EQ.,GSAVE(ISAVE)) GO TO 240 00027200
ISAVE=ISAVE+l 00027210
IFCISAVE,LE.NSAVE) GO TO 220 00027220
ISAVE=ISAVEO 00027230

Cee=mweG NOT IN COMMON/SAVE/~=e== EVALUATE FUN, 00027240 -
GO TO 300 00027250
Ce=eweG FOUND IN COMMON/SAVE/<-<-e USE FSAVE AS GIVEN. 00027260
240 C=FSAVE(ISAVE) 00027270
ISAVESISAVE+L 00027280
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!  CeeeeeSWITCH ON ORDER N 00027290

! 250 IF(N) 270,260,270 00027300

: 260 C=CSWTO(I) 00027310

: GO TO 280 00027320

! 270 C=C*wTi(l) 00027330

! 200 ZHANKSSZHANKS+C , 00027340

: GO TO M,(110,120,140) 00027350

! Ce=e==DIRECT FUN EVALUATION (AND ADD TO END OF COMMON/SAVE/) 00027360

i 300 NSAVEZNSAVE+! ‘ 00027370

3 _ ‘ C3FUN(G) 00027380
5 i NFENF+1 00027390

| | FSAVE(NSAVE)=C 00027400
: GSAVE(NSAVE)=G 00027410

; GO T0 250 00027420
END 00027430

REAL FUNCTION ASINH(X) 00027440

! Ce=INVERSE HYPERBOLIC SIN FUNCTION 00027450
| c 00027460
REAL*® X2 00027470

X2=x 00027480
ASINH®DLOG(X2+0SGRT(X2%X2+1,000)) 00027490

RETURN 00027500

END 00027510

FUNCTION ERF(X) 00027520

; . ¢ 00027530
C ERF COMPUTES TWE ERROR FUNCTION 70 ABOUT 7=PLACES. 00027540

i € SEE MATH, OF COMP., V.22,N.101,JAN,1968, 00027550

i € ALSO, SEE ERFINV(X), 00027560

| ¢ 00027570

' DIMENSION A1(19),A2(19) 00027580

DATA A1/.70322500,.33050152,.20133975,,10863025, 00027590

1 .46775523E~1,.15398573E~1,.38015077E*2,.69710379E=3, 00027600

2 .94490927E*4,.94328117E=5,,69192752E~6,.37225234E=7, 00027610

3 .14666061E=8,.42261614E~10,,.88978652E-12,,13676044E=13, 00027620

) 4 .15334234E*15,.12536751E=17,.7453TE=20/ 00027630

. DATA A2/,.24725517,.14422723,,86989455E=1,.43977338€E~1, 00027640

; i 1 .17243963E~1,.50790696E+2,,11086065E~2,,17822802E~3, 00027650
' ; 2 .21040458E<4,.18206632E=5,,11533099E~6,.53427S03E=8, 00027660
. i 3 .18084859E=9,.44696823E~11, ,80606884E=-13,,10601364E=14, 00027670
i 4 .10164928E+16,,710005€~19,0,0/ 00027680
IF(X.EQ.0,0) THEN 00027690

ERFS0,0 00027700

RETURN 00027710

ENDIF 00027720

| B=2,*X/S, 00027730
L . S=SIN(B) 00027740
» C=C0S(B) 00027750
| C23C+C 00027760
| ALPEC2%C~1, 00027770
i SUM=0,0 00027780
i DO 10 N=1,19 00027790
SUMSSUMe (AL CN) +C2¥A2(N) I SALP*S (Nel) 00027800

10 CONTINUE 00027810

2 ERF=28/3,1415927+SsSUNM 00027820

‘ RETURN 00027830
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END 00027840

FUNCTION ERFINV(Y) 000278590

c 00027860

¢ € ERFINV COMPUTES THE INVERSE ERROR FUNCTIGN TO ABOUT 7-PLACES. 00027870

-} C SEE MATH. OF COMP., V.22,N.101,JAN,1968, 00027880

{ C ALSO, SEE ERF(X). 00027890

. C 00027900

CHARACTER®16 XX 00027910

DIMENSION T3(1338),T4(0:26),T5(0:37),T6(0:25) 00027920

: i DATA T3/,12046752,,16078199E=1,.26867044E~2,,49963473E=3, 00027930

; ‘ 1 .98898219E=4,,20391813E=4,,.43272716E=5,.93808141E=6, 00027940

2 .20673472E%6,,46159699E=7,,10416680E=7,,23715100€E-4, 00027950

3 .54392841E-9,.12554899E-9, ,29138180E~10,,67949422E-11, 00027960

4 .15912343E-11,.37402505E-12,.808200776E-13,,20865090E~13, 00027970

5 .49488041E~14,,11766395E-14,,29038557E=15, ,66950664E~16, 00027980

6 .16016550E-16,,38382583E~17,,9212851E~18,.2214615E~18, 00027990

7 .533091E-19,.128488E=19,,31006E~20, ,7493E=21,,1812E=21, 00028000

8 .439E=22,.106E=22,,26E=23,.6E~24,.2E~24/ 00026010

DATA T4/,91215880,-.16266282E~1,,43355647E=3,,21443857E=3, 00028020

1 .26257511E=5,<.30210913E=5,=,12406061E~7,.62406609E=7, 00028030

2 =.54012479E=9,~,14232079E~8,,.34384028E-10,,33534870E=10, 00028040

3 =.14584289E11,<.81021743E-12,.52532409E~13, ,19731541E-13, 00028050

i 4 =,17494334E=14,~,48005966E~15,.55730299E=16,.11632605E=16, 00028060

S =,17262489€<17,~,2784973E=18, .524481E-19, .65270E=20, 00028070

- - 6 =.15707E=20,~,1475E=21, ,450€E=22/ 00028080

3 DATA T5/.95667971,,23107004E=1,=,43742361E«2,~,57650342E-3, 00028090

. 1 =,10961022E~4,,25108547E~4,.10562336E~4, ,27544123E=5, 00028100

2 .43248450E=6,=,20530336E=7,=,43891537E=7,~,17684010E~7, 00028110

3 =.39912890E~8,,18693241E=9,,27292274E=9,.13281721E~9, 00028120

4 .31834248E-10,.16700608E=11,+,20364650E=11,~,96484681E=12, 00028130

, 5 =,21956727E=12,-,95689813E=14,.13703257E~13,.62538505€~14, 00028140

6 .14584615E-14,.10781240E=15,~,70922999E=16,=,39141178E=16, 00028150

3 7 <.11165921E*16,~,15770366E=17,.,2853149E=18, .2716662E~18, 00028160

1 8 .957770E=19,.176835E~49,~,9828E=21,~,20464E~20,-,802E=21, 00028170

~ 9 =.1650E~21/ 00028180

4 DATA T6/.98857506,.10857705E=1,=.17511651E=2,,21196993E=-4, 00028190

! 1 .15664871E=4,=.51904169E=5,=.37135790E=7,,12174309E~8, 00028200

i 2 =.17681155E=9,-,11937218E~10, .38025054E=12,~,66018832E=13, 00028210

‘ ! 3 =.87917055E%14,-.35068693E=15,=,69722150E=16,=,10956794E=16, 00028220

: 4 =,11536390E~17,-.1326235E=18,~.263938E<19,.5341E~21, 00028230

} X 5 «.2261E~20,.9552E=21,~.525E=21,,2487E=21,-.1134E=21,.42E=22/ 00028240

| i X=Y 00028250

; X13ABS(X) 00028260

| IF(X1.GE.1,0) THEN 00028270

ENCODE(16,1,XX) X1 00028280

l { 1 FORMAT(E16,8) 00028290

. 4 IF(X1.GT.1.,000001)CALL ERRMSG(“ABS(X)3°//XX// 00028300

; S 1 °'>1,000001 IN (ERFINV)®,0,6,0) 00028310

b : CALL WARN(’ABS(X)2°//XX// 00028320

b 2 ° >=1,0 IN (ERFINV)} X=0,99999988SIGN(1.,X) USED.’,0,6,0,%2) 00028330

| 2 X30,9999998%SIGN(1,.,X) 00028340

A ENDIF ‘ 00028350

w Xim1,=X 00028360

q IF(X.GE.0.8.,AND,X.LE.0.997S) THEN 00028370

: - BETA3SQRT (=ALOG(1.=X®X)) 00028380
‘ !

N
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: R=0.,0 00028390
DO 10 N=0,26 00028400

10 RZR4T4(N) *TCHEB(N,*1.54801304%¥BETA+2.5654901) 20028410

; ERFINVSBETASR 00028420
B ELSE IF(X1.GE.5E=16,AND.X1.LE.25E=4) THEN 00028430
i BETASSQRT(=ALOG(.=X®X)) 00028440
' R=20,0 00028450
. 00 20 N=20,37 00028460
20 R2R+TS(N) STCHEB(N, =.559457634BETA+2,2879157) 00028470
! ERFINV3BETASR 00028480
i ELSE IF(X1.LT.SE=16) THEN 00028490
} BETA=SORT(=ALOG(1,~X#X)) 00028500
! SBETA=SORT (BETA) 00028510
R=20,0 00028520

DO 30 N=0,25 00028530

30 RZR+T6(N) S TCHEB(N,9,1999924/SBETA+2,7949908) 00028540
ERFINV=BETASR ’ 00028550

ELSE 00028560

R=20,0 0Q028570

AZX8X/, 321, 00028580

DO 40 N=1,38 00028590

40 RER+TI(N)STCHEB(N,A) 00028600
ERFINV=X*(,99288538+4R) 00028610

ENDIF 00028620

RETURN 00028630

END 00028640

INTEGER FUNCTION LOCCI,J) 00028650

C==GETS ACTUAL ADDR OF A(I,J)=A(J,I) SYMMETRIC MATRIX 00028660

C STORED AS THE VECTOR A(LOC(I,J)) OF N$(N¢1)/2 ELEMENTS== 00028670

C WHERE ANY I,J.LE.N MAY BE USED (N NOT EXPLICITLY NEEDED)... 00028680

c 00028690
IF(I=J) 10,20,20 - 00028700

10 LOC3L4(J%J=d)/2 00028710
RETURN 00028720

20 LOC2Je(I%I=I)/2 00028730
RETURN 00028740

END 00028750

; SUBROUTINE NL2SOL(N, P, X, CALCR, CALCJ, IV, V, UIPARM, URPARM, 00028760
{ 1 UFPARNM) 00028770
| C®® VAX=11/780 VERSION (12/18/80) MODIFIED BY 00028780
{ C®s w,L,ANDERSON, U.S,GEOLOGICAL SURVEY, DENVER, COLORADO, 00028790

{88888 Because of the length of NL2SOL and related subprograms, the rest
ot the 1listing has been suppressed; however, the complete code {s
available on the distributed tape.




